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INTRODUCTION* 


Background 

The  Patent  and  Trademark  Office  has  assembled  one  of  the  largest  collec- 
tions of  technological  literature  in  the  world- -the  classified  patent  search 
file  which  contains  twenty  two  million  technological  documents  distributed 
among  95,  000  subdivisions  of  technology. 

Each  year  about  250,  000  new  U.  S.   patent  documents  are  added  to  this  file, 
along  with  280,  000   new  foreign  patents.       A   sizeable  staff  is  engaged  full 
time  in  reviewing   this  file  and  restructuring  it  to  accommodate  new  tech- 
nologies and  changes  in  existing  technologies. 

In  its  own  unique  way,  this  file  represents  a  national  resource;  and,  the 
Patent  and  Trademark  Office  recognizes  its  heavy  responsibilities  not 
only  to  preserve,  maintain,  and  improve  the  file,  but,  as  well,  to  maximize 
its  use  for  the  greatest  public  benefit. 

It  was  as  part  of  its  effort  to  discharge  this  latter  responsibility  that  the 
Patent  and  Trademark  Office  established,  in  1971,  its  technology  assess- 
ment and  forecast  program. 

In  its  most  general  terms,  the  mission  of  the  program  is  to  stimulate  and 
enhance  the  use  and  usability  of  the  patent  file,  and  to  assemble,  analyze 
and  make  available  meaningful  data  about  the  file.  In  carrying  out  this 
mission,  the  Office  of  Technology  Assessment  and  Forecast  (OTAF), 
which  administers  the  program,  has  assembled  and  built  a  master  data 
base  covering  all  U.S.  patents.  It  periodically  updates  this  base  and 
strives  continually  to  add  new  data  items  to  it.  Recent  additions  to  the 
base  are  patent  application  date  data,  and  relationships  between  the  Patent 
Classification  system  and  the  Standard  Industrial  Classification  (SIC) 
system.  This  latter  addition  permits,  for  the  first  time,  broad  scale  use 
of  patent  data  in  economic  studies.  Also  added  recently,  are  compre- 
hensive data  on  pending  patent  applications  and  data  relating  to  the  patents 
of  other  nations. 

OTAF  uses  the  data  base  in  two  principal  ways:  First,  it  periodically 
issues  general  distribution  publications.  These  publications  have  included 
reports  on  highly  active  technological  areas;  areas  experiencing  high 
levels  of  patenting  by  foreign  residents;  profiles  of  the  patenting  patterns 
of  the  residents  of  selected  foreign  countries  and  U.S.  states;  reviews  of 
the  patent  activity  of  the  most  active  patent  assignees;  and  comparisons 
of  patent  activity  with  economic  activity  in  selected  Standard  Industrial 
Classification  categories.  In  addition,  several  of  die  publications  have 
examined  the  patenting  in  high  interest  energy  technologies. 


*  The  material  on  this  and  the  following  page  substantially  duplicates 
that  presented  in  previous  publications.  Those  familiar  with  the  Office 
of  Technology  Assessment  and  Forecast  and  the  program  it  administers ( 
may  wish  to  begin  reading  on  page  3. 


A  listing  of  previous  OTAF  publications  and  information  as  to  how  they 
may  be  obtained  can  be  found  in  Appendix  B. 

The  second  principal  use  of  the  OTAF  data  base  is  made  in  the  prepara- 
tion of  special  reports,  tailored  to  individual  needs.  These  reports,  which 
are  provided  on  a  cost  reimbursable  basis,  have  been  utilized  by  other 
government  agencies  and  a  number  of  private  sector  corporations.  More 
information  concerning  this  special  report  service  can  be  found  in 
Appendix  C. 


Patents  And  Patent  Activity 

Over  four  million  United  States  patents  have  issued  since  the  first  was 
granted  on  July  31,  1790.  To  facilitate  the  use  of  this  large  body  of  tech- 
nology, these  documents  have  been  "classified"  (categorized)  into  more 
than  300  broad  technological  groupings  (called  Classes)  and  over  95,000 
specific  technological  categories  (called  subclasses).  Together,  these 
Classes    and   subclasses    form  the    structure   of  the  classified  patent  file. 

Copies  of  a  patent  are  placed  in  more  than  one  subclass  of  this  file  when 
the  patent  contains  significant  technology  pertinent  to  more  than  one  sub- 
class. With  such  multiple  placement  or  "cross-referencing"  the  patent 
file  has  grown  to  contain  approximately  11,  500,  000  U.S.  patent  documents 
spanning  the  entire  technological  spectrum*. 

Since  a  patent  obtained  in  the  United  States  conveys  no  protection  outside 
this  country,  and  vice  versa,  it  is  common  in  this  age  of  the  "international 
market  place",  for  inventors  to  obtain  patents  in  more  than  one  country. 
As  a  result,  significant  foreign  inventions  are  usually  patented  in  the 
United  States  because  it  is  such  an  important  market.  Thus,  U.S.  patent 
activity  is  representative  not  only  of  U.  S.  technological  effort  but,  to 
a  large  extent,    of  foreign  technological  effort  as  well. 

For  example,  the  growth  of  foreign  technological  capabilities  in  the  1960's 
and  1970's  has  been  mirrored  by  the  growth,  over  the  same  period,  of 
the  share  of  U.S.  patents  granted  to  foreign  resident  inventors.  In  1961, 
only  about  17%  of  U.S.  patents  were  issued  to  residents  of  foreign  coun- 
tries. However,  by  the  end  of  1976,  the  foreign  share  had  increased 
to  over  37%. 


*    The  file    also   contains    9.  5   million  patents  of  other  nations  and   over    1 
million  pieces  of  non-patent  literature. 


This  apparent   interrelationship   between  technological   and  patent  activity 
gave  rise    to   the  basic  premise  of  the  technology  assessment  and  forecast 
program    -    that  patent   activity   is    an  indicator    of  technological   activity, 
both  domestic  and  foreign. 


About  The  Contents  Of  This  Publication 

This  is,  perhaps,  the  most  ambitious  of  the  OTAF  publications  issued 
to  date.  Certainly  it  is  the  most  varied  and  innovative  --  innovative  in  the 
sense  of  new  information  used  and  new  approaches  to  the  use  of  infor- 
mation previously  relied  upon. 

The  report  is  divided  into  six  sections.  The  first  presents  an  historical 
perspective  of  U.S.  patenting  and  trademark  registration.  U.S.  patenting 
over  time  is  reviewed  from  many  aspects  --  by  type  (invention,  design, 
plant,  grants,  applications),  by  source  (foreign  countries,  U.S.  states) 
and  by  technology  (selected  categories  of  the  Standard  Industrial  Classi- 
fication). U.S.  trademark  registrations  are  plotted  from  the  first  regis- 
trations through  1976. 

Extensive  effort  was  invested  in  the  collection  of  data  not  only  to  support 
this  review,  but  also  to  provide  a  research  tool  and  reference  source 
for  those  who  may  have  need  of  such  data.  These  data  are  presented 
in  a  series  of  tables  in  Appendix  A.  Much  of  the  data  used  have,  hereto- 
fore,   never  been  a'vailable  in  one  publication. 

Section  II  inaugurates,  in  OTAF  publications,  the  use  of  data  relating 
to  the  patents  granted  by  foreign  nations.  Long  a  goal,  the  use  of  foreign 
patent  data  in  our  technological  activity  studies  has  been  made  possible 
through  the  courtesy  and  cooperation  of  Derwent  Publications,  Ltd.,  of 
London  England.  Derwent,  a  private  organization  which  provides  infor- 
mation services  relating  to  the  international  patent  literature,  has  made 
available  to  OTAF,  for  technological  activity  analysis  use,  their  exten- 
sive foreign  patent  data  base. 

In  Section  II,  the  inventions  first  published  in  the  international  patent 
literature  during  1975,  are,  for  selected  countries,  distributed  by  country 
of  invention  origin;  and,    within  country,    by  technology. 

In  addition,  the  phenomenon  of  inter-nation  patenting  is  examined.  Those 
inventions  involved  in  such  patenting,  which  were  first  revealed  in  the 
1975  patent  literature,  are  distributed  by  country  of  invention  origin.  By 
interplay  of  foreign  patent  and  U.  S.  patent  data,  the  phenomenon  is  also 
examined  from  the  U.S.  viewpoint  --  both  as  a  source  of  such  patenting 
and   as  a  recipient. 


In  Section  III  are  reviews  of  technological  areas  experiencing  either  high 
overall  U.  S.  patent  activity,  or  high  levels  of  U.  S.  patenting  by  foreign 
resident  inventors.  These  reviews  are  something  of  a  standard  feature 
in  OTAF  publications.  As  in  previous  publications,  areas  have  been 
selected  to  provide   technological  variety. 

The  reviews  are  in  two  forms:  The  "mini-report"  format  first  used  in 
OTAF's  Sixth  Report,  is  again  employed -- this  time  for  some  12  different 
technological  areas.  Also  presented  are  four  "examiner  reports"  -- 
in  depth  reviews  prepared  by  patent  examiners  in  the  technology.  One 
of  these  reports  --  on  Prostaglandins  --  is  an  update  of  one  presented 
in  OTAF's  Fifth  Report.  This  is  the  first  such  update  and  it  is  included 
here  because  of  the  response  to  the  first  report  and  the  continued  high 
patent  activity  in  the  technology. 

Section  IV  presents  the  first  use,  in  an  OTAF  publication,  of  pending 
patent  application  data  for  the  development  of  patenting  forecasts  in  se- 
lected technologies.  Patent  and  pending  application  activity  in  six  of  the 
major  Classes  of  the  U.  S.  Patent  Classification  System  are  used  to 
forecast  patenting  through  1978. 

Section  V  presents  the  most  detailed  and  comprehensive  technological  area 
report  so  far  included  in  an  OTAF  publication.  The  area  is  computer 
memories  --  more  specifically  "static"  computer  memories. 

The  report  is  in  two  parts.  Part  1  examines  the  foreign  and  corporate 
activity  in  the  technology  and  assesses  the  stage  of  development  of  the 
various  component  technologies  encompassed  by  static  computer  mem- 
ories. Used,  for  the  first  time  in  one  of  these  publications,  is  a  vector 
analysis  technique  whichrelies  on  changes  inboth  the  patent  and  corporate 
activity  in  an  area  to  derive  an  assessment  of  the  technology's  status. 

Part  2  concludes  the  Section  with  a  series  of  12  mini-reports  and  2 
examiner  reports  on  various  aspects  of  the  patent  activity  in  static  com- 
puter memories. 

Section  VI  is  directed  to  a  review  of  anti -pollution  patenting.  In  this 
Section,  OTAF  takes  advantage  of  an  effort  of  the  Patent  and  Trademark 
Office,  begun  in  1970,  to  identify  anti -pollution  related  patents.  This 
effort,  by  mid-1976,  had  yielded  a  list  of  about  6,000  patents.  These 
have  been  categorized  into  sixteen  groupings.  The  patent  activity  in  the 
nine  largest  of  these  is    reviewed. 

The  publication  concludes  with  four  appendices.  Appendix  A  contains  the 
tables  of  data  used  in  Sections  I  and  II,  the  historical  patenting  and  trade- 
mark registration  review.  Appendix  B  lists  and  briefly  describes  previous 
OTAF  publications  and  gives  instructions  on  how  they  may  be  obtained. 
Appendix  C  gives  information  about  OTAF's  special  report  services  and 
includes  excerpts  from  a  sample  of  one  of  these  special  reports.  Appendix 
D  names  and  acknowledges  the  assistance  of  the  many  Patent  and  Trade- 
mark Office  personnel  who  contributed  to  this  publication. 


SECTION  I 
PATENTS  AND  TRADEMARKS  -  AN  HISTORICAL  PERSPECTIVE 

Background 

The  granting  of  patents  in   the    United  States  actually   dates  back  to  colonial 
days  when  patents  were  granted  under  English  law  for  utility  products,    such 
as  candles,    paper,    and  soap.    The  concept  of  patents  being  well  established, 
it  is  not   surprising   that   specific  provision  was  made   for    them  in  the  U.  S. 
Constitution. 

Congress  passed  the  first  patent  law  --  'An  Act  to  Promote  the  Progress 
of  Useful  Arts"  --in  1790.  The  first  United  States  patent  v/as  issued  on 
July  31st  of  that  year  to  Samuel  Hopkins  of  Philadelphia,  who  had  invented 
an  improved  method  of  making  potash  (used  in  the  manufacture  of  soap). 
That  first  patent  was  signed  by  President  George  Washington,  Secretary 
of  State  Thomas  Jefferson  and  Attorney  General  Edmund  Randolph. 

It  soon    became   apparent   that   the    granting   of    patents    was    a    function   too 
burdensome   to   be  assumed  by    Cabinet   officers.       Consequently,    a  new  act 
was  passed   in    1793   placing   this  responsibility  in   the  Department  of  State. 
It   was  here    that   the    Patent    Office*   came    into   being    as    a    distinct   bureau 
in  1802. 

To  obtain  a  patent  under  the  1793  Act,  there  was  no  formal  requirement 
other  than  submitting  a  description,  drawings,  a  model,  and  the  necessary 
fee.  •  The  applicant  for  a  patent  did  not  need  to  establish  the  "newness" 
of  his  invention.  This  system  of  issuing  patents  without  any  examination 
for  novelty  resulted  in  numerous  conflicting  patents,  but  remained  in  force 
until  183  6,  when  patents  were  being  issued  at  the  rate  of  some  600  a  year 
and  dissatisfaction  had  become  widespread. 

To  correct  the  situation,    an  act  was  passed  and  implemented  on  July  4,   183o. 
which  -    among   other   provisions    -  reintroduced  the  examining  system   that 
had  been  used   under    Jefferson  and   which   called  for  novelty  proof.       Addi- 
tionally,   the    act   designated   the    officer  in  charge  as    the    Commissioner  of 
Patents*. 

The  1836  act  was  amended  several  times  and  completely  rewritten  in  1870. 
Thereafter  some  60  acts  relating  to  patents  were  passed.  The  patent  laws 
were  rewritten  again,  and  codified  by  an  Act  of  Congress  in  1952,  which 
became  effective  on  July  1,  1953.  It  is,  essentially,  under  the  provisions 
of  the  1952  act  that  the  Patent  and  Trademark  Office  currently  operates 
with  respect  to  the  grant  of  patents. 


*  In  1974,  the  name  of  the  Patent  Office  was  changed  to  the  Patent  and 
Trademark  Office,  and  the  Commissioner  of  Patents  became  the  Commis- 
sioner of  Patents  and  Trademarks. 


The  Patent  Office,  itself,  remained  under  the  jurisdiction  of  the  State  De- 
partment until  1849,  when  it  was  transferred  to  the  newly  created  Depart- 
ment of  the  Interior.  There  it  stayed  until  1925,  when  it  was  transferred 
by  Executive    Order   to   the    Department   of    Commerce,    where   it   remains. 

In  addition  to  granting  patents,  the  Patent  and  Trademark  Office  registers 
trademarks.  It  has  performed  this  function  since  trademark  registration 
was  first  authorized  by  an  Act  of  Congress  in  1870. 

The  first  Federal  trademark  law,  that  of  1870,  was  based  on  the  patent 
and  copyright  clause  of  the  Constitution  instead  of  the  interstate  and  foreign 
commerce  clause,  and  was  held  unconstitutional  in  1879.  The  Trademark 
Act  of  1881  was  limited  to  marks  used  in  foreign  commerce.  The  Act  of 
1905  includedmarks  used  in  interstate  commerce  as  well.  The  Act  of  1920 
permitted  registration  of  a  secondary  class  of  marks  not  previously  regis- 
trable. The  Act  of  1946  (called  the  Lanham  Act),  still  in  effect,  provides 
for  a  Principal  Register  on  which  marks  of  the  type  registrable  under  the 
Acts  of  1881  and  1905  can  be  registered,  and  a  Supplemental  Register 
on  which  marks  of  the  type  registrable  under  the  Act  of  1920  can  be  regis- 
tered. Registrations  under  the  Lanham  Act  are  for  a  term  of  20  years, 
with   renewal  possible    for  successsive    20-year   terms. 

The  first  trademark  was  registered  in  the  United  States  on  October  25,  1870 
by  Averill  Chemical  Paint  Co.  of  New  York.  This  registration  is  now  ex- 
pired, and  the  oldest  one  in  force  today  is  owned  by  the  Samson  Cordage 
Works  of  Boston,  Massachusetts.  This  mark  was  first  registered  on  May 
27,     1884  and  was  most  recently  renewed  in  1974. 

General 

In  this  section  the  fluctuations,  overtime,  in  patenting  and  in  trademark  reg- 
istration are  graphically  presented  in  a  series  of  Figures.  The  raw  data 
used  to  construct  these  graphs  are  given  in  a  set  of  tables  contained  in 
Appendix  A.  The  graphs  and  tables  are  intended  to  provide  a  tool  to  those 
whose  work  might  benefit  from  such  historical  information  and  to  all  a 
data  resource  for  future  reference. 

The  data  presented  have  been  assembled  from  several  sources,  the  princi- 
pal one  being  the  Commissioner's  Annual  Reports.  The  figures  have  been 
corrected  with  the  latest  information  available  as  to  withdrawn  numbers.  * 
To  our  knowledge,  much  of  these  data  have  never  before  been  collected 
and  published  together. 


*  Occasionally,   for  any  of  several  reasons,   an  invention,   assigned  a  patent 
number,    is  withdrawn  from  issue  at   a   time   too  close   to  the  issue  date  for 
another  to  take  its  place.    Since  patents  are  assigned  numbers  consecutively, 
this  leaves    a    "gap"    (i.  e.  ,    a  number  without   a  related  patent).    Normally, 
in  any  year,     these    are    few.    However,    the   number   has    ranged  to  higher 
than  2000  (in  1972). 


Patenting 

A  patent  is  a  grant  by  the  Government  to  the  inventor,  his  heirs  or  assigns, 
of  the  right  to  exclude  others  from  making,  using,  or  selling  the  invention 
patented.  Patents  can  be  obtained  for  any  new  and  useful  machine,  manu- 
facture, composition  of  matter,  process,  or  any  new  and  useful  imp  rove  ment 
thereof,  subject  to  the  requirements  and  conditions  of  the  law.  An  inven- 
tion is  "useful"  if  it  has  lawful  purpose  and  is  operative.  The  subject 
matter  covered  by  a  patent  must  be  sufficiently  new  as  to  be  not  obvious  to 
one  skilled  in  the  art  to  which  it  pertains. 

Patents  have  been  issued  by  the  Federal  Government  since  1790.  From 
1790-1861,  the  term  of  a  patent  was  14  years.  From  1836  until  the 
patents  granted  in  1861  expired,  patents  could  be  extended  for  an  additional 
7  years  upon  application  by  the  patentee  and  approval  of  a  special  board 
or  the  Commissioner.  About  5  percent  of  the  patents  issued  during  the 
latter  part  of  this  period  were  extended  in  this  manner.  Since  1861, 
the  term  of  patents  on  inventions  has  been  fixed  at  1  7  years  with  extensions 
possible  only  by  special  actof  Congress.  The  number  of  such  extensions  has 
been  negligible. 

From  February  21,  1793,  to  July  4,  1836,  patents  were  granted  on  demand 
of  the  applicant,  upon  compliance  with  the  formal  requirements,  without 
examination  as  to  novelty.  Consequently,  statistics  on  patents  issued  during 
this  period  are  more  comparable  to  subsequent  statistics  of  patent  appli- 
cations than  to  subsequent  patent  statistics.  Since  July  4,  183  6,  the  Patent 
Office  has  examined  applications  for  novelty  and  not  all  applications  which 
are  filed  become  patents.    Over  4,  000,  000  patents  have  been  granted. 

Some  of  these  patents  have  been  "reissued".  A  reissue  patent  is  a  patent 
which  replace  another  patent,  for  the  unexpired  term  of  the  original,  to 
correct  some  error  Hence,  reissue  patents  have  no  significance  in  most 
uses  of  patent  data.  Reissue  patents  are,  whenever  possible,  excluded  from 
the  statistics  presented  in  this  section,  although  reissue  patent  applications 
are  included  for  some  years  for  which  they  could  not  be  separated.  Reissue 
patents  were  numbered  separately  from  1838.  Approximately  30,000  such 
patents  have  been  granted. 

There  is  more  than  one  kind  of  patent.  Patents  are  granted  on  designs 
and  botanical  plants  in  addition   to  the  more  common  patents  on  invention.  * 


*  This  is  not  to  indicate  that  a  patented  design  or  plant  is  not  inventive. 
The  phrase  "patents  on  invention"  is  used  merely  as  a  convenience  to 
differentiate  between  these  and  patents  to  designs  and  plants. 


Designs  became  patentable  in  1842  and  relate  to  the  appearance,  not  to 
the  structure  or  use,  of  articles  of  manufacture.  The  term  for  design 
patents  was  initially  set  at  7  years.  Since  1861,  the  term  has  been  3  1/2, 
7,  or  14  years,  at  the  discretion  of  the  applicant.  Fees  payable  vary  with 
the  term.  Design  patents  are  numbered  separately.  More  than  240,  000 
design  patents  have  been  granted. 

Botanical  plants  became  subject  to  patents  for  the  first  time  in  1930. 
Patentable  plants  are  those  which  are  asexually  reproduced  --  distinct  and 
new  varieties  of  plants  other  than  tuber-propagated  plants.  The  terra  and 
fees  for  plant  patents  are  the  same  as  for  patents  on  inventions.  Plant 
patents  are  numbered  separately  from  the  other  patents.  The  4000th  plant 
patent  issued  on  December  28,    1976. 

Graphs 

Figure  1-1  on  the  following  fold-out  page  shows  total  U.S.  patenting  (in- 
cluding design  and  plant  patents)  from  1790  through  1976.  Also  shown, 
beginning  with  the  earliest  available  data,  are  total  patent  applications 
filed   and   total  U.  S.   patents  granted  to  residents  of  foreign  countries.  * 

Because  of  the  large  difference  in  patenting  levels  between  the  early  and 
more  recent  years,  the  graph  has  a  dual  scale  in  order  to  more  clearly 
depict  the  data  from  1790-1849. 


*  The  volume  of  U.S.  patents  issued  to  citizens  of  foreign  countries  was 
influenced  in  the  early  years  of  the  patent  system  by  discriminatory  legis- 
lation. For  1800-183  6,  only  aliens  who  had  resided  in  the  United  States 
for  2  years  and  who  had  declared  their  intention  of  becoming  citizens  could 
apply  for  U.S.  patents.  From  1836-1861,  aliens  paid  higher  fees  than 
U.S.  citizens.  Discrimination  based  on  nationality  was  eliminated  in  1861. 
The  data  used  in  this  section  are  based  on  citizenship  from  1883-1915 
and  on  residence  from  1916-1976. 
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The  two   graphs    on    this    page   and   the    graph    on    the   following   page   break 
the   total    patenting    line    in    the   previous    graph  into   its    component  parts. 
Shown   in    Figure    1-2   are    design  patent   grants   (1842-1976);  in  Figure  1-3, 
plant  patent   grants    (1931-1976),    and   in    Figure    1-4,     grants    of  patents    on 
invention  (1790-1976). 
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EXCLUDES    PLANTS   DESIGNS    AND   REISSUES 


FIG. 1-4 


The  following  maps  (Figure  1-5)  illustrate  the  distribution  o^  grants  of 
patents  on  invention  among  the  residents  of  the  contiguous  states.  '  A  three 
year  average  patenting  for  each  state  has  been  used  to  place  the  state 
in  one  of  six  patenting  level  categories.  The  four  maps  represent,  respect- 
ively, the  level  of  average  yearly  patenting  for  a  three  year  period  about 
four  points  in  time  --  1900  (i.e.,  the  average  for  1899,  1900,  1901); 
1925  (1924-1926);  1950  (1949-1951);  and  1975  (1974-1976). 

A  scan  of  the  Figure  reveals  much  of  what  logically  would  be  expected  over 
the  75  year  time  period  --a  growing  industrialization  of  the  East  and  Mid 
-West  and  a  spreading  industrialization  to  the  South  and  West.  It  is  inter- 
esting to  note,  however,  that  even  as  early  as  1900,  California  ranked 
among  the  more  active  patenting  states. 

Figure  1-6,  following  the  state  maps,  illustrates  the  level  of  U.S.  patent- 
ing (patents  on  invention)  by  residents  of  foreign  countries  (as  opposed  to 
residents  of  the  U.  S.  ).  The  same  four  time  periods  used  in  the  state 
patenting  Figure  have  been  selected  --1900,  1925,  1950  and  1975  --; 
and,  once  again,  a  three  year  average  about  each  date  has  been  used. 
For  each  time  period  the  top  five  countries  are  shown,  plus  an  "all  other" 
(meaning  all  other  foreign  countries)  category. 


*    Hawaii  and  Alaska  are  not  shown. 
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In  Figure  1-6,  below,  the  United  Kingdom  and  France  appear  among  the 
top  five  countries  in  all  time  periods.  Germany  appears  in  all  but  the  period 
following  World  War  II;  and  Canada  appears  in  all  but  the  most  recent. 
Probably  the  most  striking  feature  of  the  chart  is  the  relative  stability 
of  U.S.  patenting  by  foreign  residents  between  1900  and  1950,  as  compared 
to  the  dramatic  increase  in  the  last  25  years.  That  increase  has  been 
almost  four-fold  --  rising  from  about  10%  of  U.S.  patents  in  1950  to  over 
37%  in  1976. 

Another  striking  feature  is  the  sudden  appearance  of  Japan  in  the  chart  and 
its  dominance  of  other  foreign  countries  as  a  factor  in  U.  S.  patenting. 
In  1950,  Japanese  residents  received  fewer  than  100  U.S.  patents.  Yet, 
in  1976,  nearly  one  of  every  ten  U.S.  patents  issued  was  granted  to  resi- 
dents of  Japan.  Germany's  resurgence  has  been  dramatic,  as  well.  Taken 
together  the  residents  of  these  two  countries  --  Germany  and  Japan  --  re- 
ceived almost  one  fifth  of  all  U.S.   patents  issued  in  1976. 
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To   this  point  there   has    been    no    technological    differentiation    among    the 
patents  whose  issuance   has   been  depicted  in  the  previous  Figures.    Figure 
1-7  is  intended  to  give  a  flavor  of  the  fluctuations  in  patenting  by  technology. 
Shown     is  patenting  from    1963    through    1976     (estimated)*    in    six,     broad 
Standard  Industrial  Classification  (SIC)  categories.    These  are: 

-  SIC  20,    Food  and  Kindred  Products 

-  SIC  28,    Chemicals  and  Allied  Products 

-  SIC  35,    Machinery,    Except  Electrical 

-  SIC  36,    Electrical  and  Electronic  Machinery, 

Equipment  and  Supplies 

-  SIC  37,    Transportation  Equipment 

-  SIC  38,    Professional  and  Scientific  Instruments 

The  capability  to  present  patent  activity  data  in  SIC  categories  was  devel- 
oped by  the  Office  of  Technology  Assessment  and  Forecast,  with  the  support 
of  the  National  Science  Foundation,  through  the  creation  of  a  concordance 
between  the  U.  S.  Patent  Classification  System  and  some  55  Product  Field 
categories  of  the  SIC.  ** 

The  presentation   scheme   of  SIC    patenting   in    Figure    1-7    is    cumulative. 
Patenting  in  any  given  SIC  category  in  a  given  year  is  the  difference  between 
the    top  and  bottom  boundary  lines  for  the  SIC  at  that  year. 


*    Based  on  a  doubling  of  actual  patenting  through  6/30/76. 

**    This    concordance   was    expanded  from  36  to   55  product  fields  in   1976. 
For  more    detail    about   the    USPC/SIC    concordance    see    the    Fifth   Report 
of  the  Office    of    Technology  Assessment   and   Forecast,    August  1975,    page 
91,    et  seq. 
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Trademark  Registrations 

A  trademark  is  a  symbol  --a  picture,  word,  or  phrase  --  applied  by  a 
manufacturer  or  merchant  to  distinguish  his  goods  or  services  from  those 
of  others.  Trademark  rights  are  acquired  by  adoption  of  a  mark  and  use 
of  it  on  the  goods  in  trade.  The  Federal  law  provides  for  the  registration 
in  the  Patent  and  Trademark  Office  of  such  marks  which  are  used  in  inter- 
state and  foreign  commerce.  Applications  for  registration  are  examined 
and  registration  maybe  refused  if  the  mark  is  of  a  character  not  registrable 
under  law  (national  emblems,  deceptive  marks,  purely  descriptive  marks, 
etc.  )   or  if  it  conflicts  with  a  prior  registered  mark. 

Trademarks  are  registered  for  20  year  terms  with  renewal  possible  for 
successive  20  year  terms.  Such  renewals  are  not  reflected  in  Figure 
1-8,  below.  However,  renewal  data  are  given  in  the  data  tables  in  Appen- 
dix A. 

By  the  end  of  1976,  over  1,  000,  000  trademarks  had  been  registered.  The 
patterns  of  the  trademark  registration,  from  1870  through  1976,  are  de- 
picted on  Figure  1-8. 
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SECTION  II 

INTERNATIONAL  PATENTING  PATTERNS 

Previous  reports  and  publications  of  the  Office  of  Technology  Assessment 
and  Forecast  (OTAF),  in  their  use  and  analysis  of  patent  data,  have  relied 
almost  exclusively  on  the  patents  granted  by  the  United  States.  Foreign 
patent  activity  has  been  reviewed  in  terms  of  U.S.  patents  granted  to  foreign 
residents.  Since  such  a  significant  percentage  of  U.S.  patents  are  issued 
to  foreign  resident  inventors  (over  37%  in  1976),  and  since  the  U.S.  is  such 
an  important  market,  it  is  believed  that  this  technique  has  yielded,  and 
will  continue  to  yield,  useful  information  about  foreign  technological  activ- 
ity. From  its  inception,  however,  OTAF  has  recognized  the  desirability  of 
adding  to  its  data  base,  data  concerning  the  patents  granted  by  other  nations. 

The  U.  S.  Patent  and  Trademark  Office  receives  copies  of  nearly  all  avail- 
able foreign  patent  documents.  These  are  used  by  U.  S.  patent  examiners 
in  determining  the  novelty  of  inventions  for  which  patents  have  been  applied. 
Because  of  the  very  large  number  of  foreign  patent  documents  printed  and 
since  many  are  duplicative,  i.e.,  form  a  "family  of  patents"*,  the  process- 
ing and  eventual  inclusion  of  unique  documents  in  the  examiner's  search 
files  is  a  complex  process  for  which  complete  data  have  not  been  fully 
maintained.  Consequently,  OTAF's  goal  of  inclusion  of  foreign  patent  data 
in  its  base  has,    heretofore,    not  been  realized. 

However,  in  1976,  through  the  courtesy  and  cooperation  of  Derwent  Pub- 
lications, Ltd.  of  London,  England,  OTAF  obtained  the  Derwent  data  base 
for  patent  activity  analysis  use.  Derwent  is  a  private  organization  which 
provides  various  kinds  of  information  services  relating  to  patents  issued 
throughout  the  world.  Beginning  in  the  1960's  with  chemical  and  phar- 
maceutical technologies,  coverage  by  their  data  base  gradually  has  been 
expanded  and  now  includes  information  on  the  patent  documents,  in  all 
technologies,  of  some  24  countries.  This  present  coverage  (listed  in  the 
table  on  the  next  page)  has  captured  the  preponderance  of  the  world's  patent 
documentation  in  recent  years. 


*  It  is  common  to  seek  patent  protection  on  a  single  invention  in  several 
countries  (a  patent  is  enforceable  only  in  the  country  that  grants  it).  This 
multiple  patent  application  filing  results  in  the  issuance  of  several  patent 
documents,  each  from  a  different  country,  but  all  to  the  same  invention. 
These  patents  form  a  "family".  International  multiple  patenting  has  been 
facilitated  by  a  treaty  which  permits  applications  filed  in  a  foreign  country 
within  a  year  of  filing  in  the  home  country  to  be  accorded  the  home  country 
filing  date. 

However,  the  treaty  requires  that,  in  order  to  receive  the  earlier  filing 
date,  the  initially  filed  patent  application  must  be  identified  by  country, 
serialnumber  and  filing  date,  and  that  the  "priority"  of  this  filing  be  claim- 
ed. This  "priority"  information  is  printed  on  all  published  patent  documents 
in  the  "family"  and  permits  the  members  of  a  family  to  be  identified, 
allowing  duplicate  patent  document  elimination  by  patent  offices  seeking 
to  avoid  unnecessary  search  file  growth.  In  this  Section  the  "priority" 
country  (i.  e.  ,  the  country  in  which  the  initial  patent  application  was  filed) 
is    assumed  to  be  the  country  of  origin  of  the  invention. 
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Table  2-1:    Derwent  Coverage- 


Argentina 

Austria 

Belgium 

Brazil 

Canada 

Czechoslovakia 

Denmark 

Finland 


France 

German  Dem.    Rep. 
Germany,    Fed.    Rep, 
Hungary- 
Israel 
Japan 

Netherlands 
Nor  way- 


Portugal 
Rumania 
S.   Africa 
Sweden 
Switzerland 
United  Kingdom 
United  States 
U.  S.  S.  R. 


In  this  Section,  for  the  first  time  in  an  OTAF  publication,  use  is  made  of 
data  extracted  from  this  base.  Patenting  on  a  world-wide  basis  is  reviewed. 
Because  data  base  coverage  was  only  recently  extended  to  all  technologies, 
distributions  of  patenting  nationally,  overall  or  on  a  technological  basis, 
are  limited  to  patent  documents  published  in  a  single  year  --  1975.  (At 
the  time  the  data  used  in  this  Section  were  extracted  from  the  data  base, 
the  1976  data  were  incomplete.  ) 

The  term  document  is  used  because,  in  addition  to  patents,  other  docu- 
ments, such  as  published  patent  applications  (e.g.,  from  Belgium)  and 
inventors'  certificates  (e.g.,  from  the  U.  S.  S.  R.  )  are  included,  as  well. 
The  reader  should  keep  in  mind  an  important  caveat.  We  are  dealing  in 
this  Section  with  published  patent  documents.  Thus,  the  statistics  given 
in  this  Section  must  be  distinguished  from  statistics,  such  as  those  made 
available  annually  by  the  World  Intellectual  Property  Organization  (WIPO), 
on  patent  applications  filed  and  patents  granted  by  country. 

Throughout  this    Section,    unless    otherwise  stated,   it   should  be  understood 
that  "family  of  patent"  duplication  has   been  eliminated.       In  other  words, 
statistics    given   relate    to  unique   inventions*   and   do  not    include   multiple 
patent  documents  to  the  same  invention. 

A  very  important  point  to  keep  in  mind  is  that  these  statistics  given  on  a 
national  basis  do  not  necessarily  represent  the  number  of  patent  documents 
published  by  that  nation.  The  reason  for  this  is  best  seen  by  considering 
a  case  in  point. 

Consider  for  a  moment,  one  hypothetical  patent  document  of  the  13,386 
patent  documents,  published  in  1975,  which  related  to  unique  inventions 
of  French  origin.  Say  that  in  mid-1974,  a  French  inventor  files  in  France 
for  a  patent  on  an  invention.  He  also  files  a  bit  later  in  Belgium  and  several 
other  countries  for  patents  on  the  same  invention.  Belgium,  a  fast  pub- 
lishing country,  publishes  the  first  patent  document  on  that  invention  in 
1975.  No  other  country  publishes  a  patent  document  on  the  invention  until 
1976. 


*  The  phrase  "unique  invention"  is  used  in  this  Section  to  denote  a  piece  of 
technology  whichisthe  subjectofone  or  more  patent  documents.  The  phrase 
should  not  be    construed  to   have   a  qualitative  or  judgemental   connotation. 


19 


In  the  statistics  presented  in  this  Section,  the  Belgium  patent  document 
would  be  counted  as  an  invention  of  French  origin  which  was  the  subject 
of  patent  documentation  first  published  in  1975.  If  other  countries 
had  published  patent  documents  on  the  invention  in  1975,  it  still  would  have 
been  counted  only  once  and  for  France. 

On  the  following   pages    world-wide  patenting  will  be  reviewed,     to  an  extent 
permitted  by  the    Derwent   and  OTAF  data   bases,    from  two  of  its  aspects, 
which  shall  be  referred  to  as   "national"  and  "international"  patenting. 

The  difference  between  the  two  is  simple  in  concept.  Some  inventions  are 
"patented"  (i.  e.  ,  the  subject  of  patent  documentation)  in  only  one  country. 
Other  inventions  are  "patented"  in  several  (i.e.,  more  than  one)  countries. 
The  first  is   "national"  patenting.      The  second  is    "international"  patenting. 

On  the  bar  graph  (Figure  2-1)  on  the  next  page,  the  sum  of  these  two,  as 
revealed  by  the  patent  documents  published  in  1975,  is  shown  for  some 
of  the  "major"  countries  covered  by  Derwent.  Keep  in  mind  that  the  data 
given  are  for  unique  inventions  that  were  the  subject  of  patent  documen- 
tation first  published  in  1975,  distributed  by  country  of  invention  origin, 
not   country  of  document  publication. 

The  patenting  for  each  country  included  in  the  graph  is  divided  into  its 
"national"  and  "international"  component  parts.  The  shaded  portion  of 
each  bar  represents  those  of  the  country's  inventions  for  which  patent  pro- 
tection was  sought, outside  the  country. 

Because,  in  1975,  the  patent  documentation  of  Japan  was  covered  only  in 
chemical   related   technologies,    that   country  is  not   included   in   the  graph. 

The  patenting  data  illustrated  in  the  bar  graph  can  be  found  in  Table  A-5 
of  Appendix  A. 
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south  Africa] 

BELGIUM!] 
CANADAT 
NETHERLANDS  ■] 
SWITZERLAND  I  ~T] 


FIG. 2-1  = 

1975    PATENTING     BY 
COUNTRY  OF  INVENTION  ORIGIN 
-SELECTED    COUNTRIES- 


GERMAN  DEM.REP     I 


UNITED  KINGDOM 


INTERNATIONAL  PATENTING 


NATIONAL  PATENTING 


30,000 


60,000 


On  the  following  pages  the  patent  activity  illustrated  on  the  bar  graph  is 
examined  in  greater  depth  in  a  series  of  bar  graph  sets  (Figure  2-2).  The 
bar  graphs  compare  the  patent  activity  of  the  countries  in  38  selected  tech- 
nological categories  corresponding  to  International  Patent  Classification 
(IPC)  categories.  These  categories  were  selected  from  among  the  most 
active,  in  terms  of  unique  patent  documents  published  in  1975.  It  should 
be  noted  that  for  each  country,  the  IPC  in  which  the  patenting  was  the 
greatest  is  assigned  a  bar  of  maximum  length.  Thus,  the  bar  graph  scale 
for  each  country  is  unique.  Consequently,  comparisons  within  countries 
can  be  made  by  bar  length.  For  comparison  between  countries,  however, 
the  absolute  numbers  which  are  also  given,   must  be  used. 
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Table  2-3:      International   Patent  Classifications    Included  In   Bar    Graphs 

A01-    Agriculture;  Forestry;  Animal  Husbandry;  Hunting;  Trapping;  Fishing 

A23-    Foods  or    Foodstuffs;    Their   Treatment  Not  Included  in  Other  Classes 

A47-  Furniture;  Domestic  Appliances;  Coffee  Mills;  Spice  Mills;  Suction 
Cleaners  in  General 

A6l-    Medical  and  Veterinary  Science;  Hygiene 

A63-    Sports;  Games;  Amusements 

B01-    Physical  or  Chemical  Processes  or  Apparatus  in  General 

B05-  Spraying  or  Atomizing  in  General;  Applying  Liquids  or  Other  Fluent 
Materals  to  Surfaces,    in  General 

B21-  Mechanical  Metal  Working  Without  Essentially  Removing  Material; 
Punched  Metal 

B22-    Casting;  Powder  Metallurgy 

B23-    Machine   Tools;  Metal  Working  Not  Otherwise  Provided  For 

B29-  Working  of  Plastic;  Working  Substances  in  a  Plastic  State,  in  Gener- 
al; Working  of  Substances  Not  Otherwise  Provided  For 

B41  -    Printing;  Lining  Machines;   Type-Writers;  Stamps 

B60-    Vehicles  in  General 

B62-     Land  Vehicles  for  Travelling  Otherwise   Than  On  Rails 

B63-    Ships  or  Other  Waterborne  Vessels;  Related  Equipment 

B65-    Conveying;    Packing;    Storing;    Handling  Thin  or  Filamentary  Material 

B66-    Hoisting;  Lifting;  Hauling 

C01-    Inorganic  Chemistry 

C04-    Cements;     Ceramics,    etc.  ;    Sound    or    Thermal   Insulating    Materials 

C07-    Organic  Chemistry 

C08-  Organic  Macromolecular  Compounds;  Their  pi  eparation  or  Chemical 
Working-Up;  Coxnpositions  Based  Thereon 

C09-  Dyes;  Paints;  Polishes;  Natural  Resins;  Adhesives;  Misc.  Composi- 
tions; Misc.    Applications  of  Materials 

C22-  Metallurgy;  Ferrous  or  Non-Ferrous  Alloys;  Treatment  of  Alloys 
or  Non-Ferrous  Metals 

E04-    Building 

E05-    Locks;  Keys;  Window  and  Door  Fittings;  Safes 

E21  -    Mining 

F01-    Machines  or  Engines,    Engine  Plants  in  General;  Steam  Engines 

F02-    Combustion   Engines;    Hot  Gas  or    Combustion    Product  Engine    Plants 

F16-  Engineering  Element  and  Units;  General  Measuring  for  Producing 
and  Maintaining    Effective    Functioning  of  Machines  or    Installations 

G01-    Measuring;   Testing 

G03-    Photography;  Cinematography;  Electrophotography;  Holography 

G05-    Controlling;  Regulating 

GO 6-    Computing;  Calculating;  Counting 

Gil-    Information  Storage 

HOI-    Basic  Electrical  Elements 

H02-    Generation,    Conversion  or  Distribution  of  Electric  Power 

H03-    Basic  Electronic  Circuitry 

H04-    Electric  Communication  Technique 
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As  mentioned    previously,     Derwent    covers    24   countries.       Consequently, 
total  patenting  of  any  country  other   than  one  of  those  24  can  not  be  assess- 
ed from  the    Derwent   data  base.       This    is    the    case  because   the    "national 
patenting"  of   such   countries    (i.  e.  ,    those  inventions   for  which  patent  pro- 
tection outside  the  country  is  not  sought)  would  not  be  reflected  in  the  base. 

However,    "international patenting"  (inventions  for  which  multi-national  pat- 
ent protection  is  sought)   can  be  assessed   on  a  world  wide   basis.       This  is 
possible    because    any   invention    for   which    patent    protection  is    sought  in 
one  or  more  of  the    24   covered  countries  will  be  reflected  in  the  data  base, 
no  matter  what  the  country  of  invention  origin. 

Since  among  the  24  covered  countries  are  nearly  all  of  the  industrialized 
nations,  it  is  highly  likely  that  almost  all  inventions  involved  in  interna- 
tional patenting  will  be  the  subject  of  patent  documentation  in  at  least  one 
of  the  24.  Support  for  this  can  be  found  in  the  presence  on  the  base, 
for  1975,  of  54  invention  origin  countries  --  30  more  than  the  24  whose 
patent  documents  are  covered  by  Derwent. 

Advantage  is  taken  of  this  aspect  of  the  data  base  in  the  following  fold- 
out  map  (Figure  2-3).  The  world  is  shaded  to  show,  by  country  of  invention 
origin,  the  unique  inventions,  involved  in  international  patenting,  which 
were  first  revealed  in  the  1975  patent  literature. 

The  patenting  data  illustrated  on  the  map  may  be  found  in  Table  A- 6  in 
Appendix  A. 
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To  this  point,  the  focus  has  been  on  the  world's  unique  inventions  that  were 
first  published  in  the  patent  literature  in  1975.  The  review  has  treated 
the  United  States  only  as  one  of  many  countries. 

Attention  will  now  be  turned  to  the  United  States  as  one  of  the  major  origin- 
ators and  recipients  of  the  complex  flow  of  international  patenting.  First 
investigated  are  specific  technologies,  in  terms  of  U.S.  Patent  Classi- 
fication System  subclasses*,  which  seem  most  involved  in  international 
patenting. 

The  data  for  this  investigation  were  obtained  by  extracting  from  the  entire 
Derwent  base,  information  about  all  patent  families  in  which  a  U.  S.  patent 
appeared  and  (1)  at  least  one  other  non-U.  S.  patent  document  appeared 
or  (2),  if  there  was  no  other  patent  document,  the  origin  of  the  invention 
was  indicated  to  be  non-U.  S. 

This  yielded  a  "universe"  of  U.  S.  patents  which  were  representative  of  in- 
ventions that  had  been  the  subject  of  multiple,  international  patent  filings. 
In  addition,  itpermitted  OTAF  to  identify  the  source  of  the  inventions  in  two 
categories,  U.S.  or  non-U.  S.  ;  and,  further  to  obtain  data  as  to  the  num- 
ber of  countries  which  had  published  patent  documents  on  each  invention 
(an  indication  of  the  number  of  countries  in  which  applications  for  patent 
on  an  invention  had  been  filed. 

From  the  aspect  of  statistical  "purity",  this  universe  of  patent  data  had 
several  deficiencies.  First,  because  of  Derwent  technological  coverage  in 
the  1960's  and  early  1970's,  the  data  were  heavily  weighted  towards  the 
chemical-related  technologies.  Second,  because  there  is  an  obvious  delay 
between  .patent  application  filing  and  patent  document  publication  in  every 
country  (from  6  months  to  several  years),  the  family  "size"  data  for  the 
more  recent  families  must  be  regarded  as  incomplete. 

Even  with  these  limitations,  however,  (in  one  case,  because  of  them)  the 
data  yielded  points  of  interest. 


*  The  U.S.  Patent  Classification  System  is  made  up  of  over  300  major 
"classes"  which  are  further  subdivided  into  over  95,000  subdivisions  of 
technology,    called  subclasses. 
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Looking  first  at  the  five  subclasses  that  were  the  subject  of  the  highest 
level  of  international  patenting  of  a  non-U.  S.   origin*,    these  were: 

Rank  12  3  4  5 

Subclass  424/180       260/112. 5R      260/239.1       260/243C       195/80R 

Internationally  134  124  115  113  104 

Patented  Inventions 

No.   of  Distinct  fil-  872  873  875  852  627 

ings#*  on  the  Inven- 
tions 

Subclass  424/180  is  directed  to  drug,  bio- effecting  and  body  treating  com- 
positions in  which  the  active  ingredient  is  a  carbohydrate  (e.  g.  ,  glycosides 
dextrons,  etc.  ).  Subclass  260/112.  5R  is  in  the  broad  class  (260)  of  carbon 
compound  chemistry  and  relates  to  proteins  and  their  reaction  products, 
more  specifically,  peptides  of  known  chemical  structure.  Subclass 
260/239.  1  and  260/243C  are  also  in  carbon  compound  chemistry.  The  first 
relates  to  penicillins  and  derivatives,  the  second  to  thiazines,  more  spe- 
cifically, cephalosporin  type  antibiotics.  Subclass  195/80R  relates  to  prop- 
agation  processes    for   making   maltfree,    living -fungi- containing  products. 

Given  the  chemical  bias  of  the  data  base,  it  is  not  surprising  that  all  five 
of  the  top  subclasses  are  chemical  related.  What  is  notable,  given  that 
bias,  is  that  the  number  six  subclass  is  340/172.  5,  which  relates  to  data 
processing  systems   (e.g.,    computers). 

In  that  subclass  there  were  on  the  data  base,  78  inventions  of  foreign  origin 
involved  in  international  patenting;  and  these  78  accounted  for  265  filings 
(i.e.,  patent  documents).  The  latter  figure  is  also  of  interest,  because 
it  is  low.  There  were  other  subclasses  with  fewer  inventions  whichaccount- 
ed  for  far  more  filings  (500  or  more  in  some  cases).  This  may  indicate 
(unless,  on  the  data  base,  "families"  in  non-chemical  technologies  are 
very  incomplete)  that  foreign  origin  patenting  in  data  processing  is  much 
more  concentrated  --  with  the  U.  S.  being  one  of  the  prime  targets  of  such 
concentration. 


*No  attempt   was  made  in   this    first  use  of  data  obtained  from  interrelating 
the  Derwent   and    OTAF  data   bases,    to  adjust  for  subclass  size.    However, 
it  is  recognized  that  this  maybe  an  important  factor  and,    when  considered, 
may  change  the  results. 
^As  indicated  by  the  number  of  distinct  patent  documents  on  each  invention. 
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The,  following  subclasses  were  the  subject  of  the  highest  level  of  inter- 
national patenting  of  U.  S.    origin: 

Rank  12  3  4  5 

Subclass  340/172.5      260/243C      23/230B      260/239.1      96/1R 

Internationally  Patented  169  153  102  99  97 

Inventions 

No.   of  Distinct  Filings*  622  1,108  516  607  418 

On  These  Inventions 

Three  of  these  do  not  appear  on  the  foreign  origin  list.  Subclass  340/172.  5, 
previously  mentioned,  relates  to  data  processing  systems.  Subclass  23/ 
230B  relates  to  chemical  analytical  and  analytical  control  methods  of  making 
biological  tests.  Subclass  96/1R  relates  to  electric  photographic  chem- 
istry; specifically,  processes,  sensitized  elements  and  sensitizing  compo- 
sitions  (e.  g.  ,    those  commonly  used  in  copiers). 

Given  the  chemical  bias  of  the  database,  the  appearance  of  340/172.  5  as  the 
top  ranked  subclass  is  notable.  Itprobably  connotes  an  evenheavier  concen- 
tration in  that  area  then  a  comparison  of  the  figures  for  that  subclass 
to  thoseforthe  other  subclasses  (all  essentially  chemical  related)  would  in- 
dicate. 

Once  again  the  filings  figures  are  revealing.  The  low  ratio  of  filings  to  in- 
ventions for  340/172.  5  perhaps  indicates  that  U.S.  companies,  in  this  tech- 
nology,   also    tend   to    concentrate    their   foreign  patent   application   filings. 

Of  course,  patent  applications  to  data  processing  systems  tend  to  be  com- 
plex and  lengthy.  Consequently,  the  factor  of  cost,  never  a  small  con- 
sideration in  international  patenting,  may  enter  heavily  into  this  phe- 
nomenon. 

In  any  case,  with  the  total  data  base's  heavy  weighting  to  chemical,  the 
appearance  of  this  subclass  as  among  the  most  active  in  an  international 
patenting  sense,  would  seem  to  indicate  that  such  activity  is  quite  high. 
That  the  subclass  appears  high  on  both  the  U.S.  and  the  non-U.  S.  origin 
lists,  would  tend  to  indicate  that  international  competition  in  this  technol- 
ogy,   thought  to  be  U.S.    dominated,    is,    or  is  likely  to  be,   keen. 


*    As  indicated  by  the  number  of  distinct  patent  documents  on  each  invention. 
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Looking  further  into  the  U.  S.  patents  to  inventions  involved  in  international 
patenting,  OTAFprocessed  this  universe  of  patents,  broken  into  two  groups 
--  those  of  U.S.  origin  and  those  of  non-U.  S.  origin  --through  its  country/ 
company  table  computer  report  program.  * 

As  might  have  been  expected  the  U.  S.  companies  most  involved  in  this 
patenting  are  among  the  largest.  General  Electric,  Du  Pont,  I.  B.  M.  , 
Kodak,  Westinghouse,  Union  Carbide,  Xerox,  Dow  Chemical,  Monsanto 
and  RCA  --  all  had  more  than  500  inventions  each  that  were  the  subject 
of  international  patenting.       The   first  four  listed  had  more  than  1000  each. 

But  international  patenting  of  U.  S.  inventions  is  not  limited  to  the  big  com- 
panies. Over  450  companies  had  at  least  15  inventions  for  which  they  had 
applied  for  foreign  patent  protection.  In  total,  over  7000  companies  have 
sought  patent  protection  abroad  on  at  least  one  invention. 

On  the  foreign  side,  as  on  the  U.S.,  the  big  companies  were  the  most 
active  in  international  patenting  (where  the  U.  S.  was  one  of  the  countries 
involved).  Imperial  Chemical,  Siemens,  Philips,  Bayer,  Badisihi  Anilin, 
Fuji  Photo,  Ciba-Geigy,  Lucius,  Matsushita,  Hitachi,  Sumitomo  Chemical, 
Agfa-Gevaert  --  all  had  over  500  or  more  inventions  patented  in  the  U.S. 
The  first  four  listed  had  more  than  1000  each. 

Again  like  the  U.  S.  ,  international  patenting  among  the  foreign  companies 
was  not  limited  to  the  large  ones  --  nearly  600  different  companies  having 
15  or  more  inventions  patented  in  the  U.S.  In  total,  well  over  10,000 
foreign  companies  had  sought  patent  protection  in  the  U.  S.  for  at  least 
one  invention. 

Considering  the  significant  costs  involved  in  international  patenting,  this 
great  diversity  of  involvement  --  around  18,000  companies  when  the  U.S. 
and  foreign  lists  are  combined  --  is  interesting.  It  is,  perhaps,  sympto- 
matic of  the  growing  internationalization  of  technology  and,  collaterally  (or 
maybe  even  consequently),    of  the  economy. 

Obviously,  in  this  Section,  we  have  hardly  skimmed  the  surface  of  the 
sea  of  possibilities  for  making  interesting  or  revealing  international  patent- 
ing data  relationships.  In  future  publications,  OTAF  will  pursue  other  as- 
pects of  these  data  and,  in  the  meantime,  invites  suggestions  as  to  how 
the  data  might  best  be  used. 


*  This  is  a  standard  special  report  program  that  can  be  run  on  most  any 
technology  or  grouping  of  patents  to  yield  a  wide  variety  of  data.  For 
details  about  this  report  see  Appendix  C. 
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SECTION  HI 
ACTIVE  TECHNOLOGICAL  AREAS 


Introduction 

In  this  Section,  the  Office  of  Technology  Assessment  and  Forecast  (OTAF) 
presents  reviews  of  technological  areas  experiencing  a  high  level  of  U.S. 
patent  activity  or  a  high  level  of  U.  S.  patenting  by  residents  of  foreign 
countries.  This  is  a  continuing  feature  of  OTAF  general  distribution 
publications.  In  this  Report  a  total  of  1 6  areas  have  been  selected 
for  review. 

Mini- Reports 

Twelve  of  the   active   area   reviews    are    in    the    form   of    "mini-reports", 
first  used   in   OTAF's    Sixth  Report,     June    1976.       The    two  page  format  of 
these  reports    includes    both   statistical   data   and   a    substantive    review  of 
activity   in    the   form  of  brief  descriptions    of  patents    recently   issued   in 
the  area. 

Description  Of  Areas  And  Recent  Activity 

The  first  page  of  each  mini-report  contains  a  title  and  a  short  definition 
of  the  technology  encompassed.  At  the  end  of  the  definition  are  listed  the 
U.S.  Patent  Classification  system  Class  and  subclass (es)  upon  which  the 
report  is  based. 

Next  follows  a  table  of  "Activity  Indices".  Covering  calendar  years  1974- 
76E*,    the  table  represents  for  the  area,    information  as  to  the  : 

-  Growth  (10  Year  Base)**,  number  of  patents  issued  during  the  period 
1974-76E,  divided  by  the  number  of  patents  issued  in  the  last  ten 
years   (1967-1976E) 

-  Foreign  Share,  the  number  of  patents  issued  to  residents  of  foreign 
countries  in  the  years  1974-76E,  divided  by  total  number  of  patents 
issued  in  these  years 

-  Corporate  Owned,  the  number  of  1974-76E  patents  assigned  at  time 
of  issue  to  U.S.  or  foreign  non-government  organizations  --  mainly 
corporations  --  divided  by  the  total  number  of  patents  issued  in  this 
three  year  period. 


*    Data   for    1976  are  estimated  by  doubling  the  actual  patenting  from  Jan- 
uary    through  June  1976. 

**    This  growth  index  is  new  in  this  publication.     It  tends  more  to  focus  on 
recent  activity,    eliminating  the  statistical  influence  of  pre- 19o7  patenting. 
A  technology  having  10  years  of  level  patenting  (same  number  of  patents  in 
each  year)  would  have  a  30%  Growth  (10  Year  Base)  index. 
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-  Government  Owned,  the  number  of  1974- 7 6E  patents  assigned  at 
time  of  issue  to  the  U.S.  or  a  foreign  government  divided  by  the 
total  number  of  patents  issued  in  this  three  year  period. 

Following  the  indices  table  is  a  brief,  substantive  review  of  the  patent 
activity  in  the  area  including  short  descriptions  of  the  area's  recently 
issued  patents.  These  descriptions  are  intended  merely  to  convey  the 
"flavor"  of  recent  efforts  in  the  area  and  should  not  be  taken  either  as 
full  reviews  of  the  patented  subject  matter  or  as  an  official  Patent  and 
Trademark  Office  endorsement  or  evaluation  of  the  patents  described. 

Explanation  of  Data  -  Graphs  and  Table 

The  second  page  of  each  mini-report  is  a  statistical  review  of  the  area's 
patent  activity.  Two  graphic  representations  of  that  activity  are  pre- 
sented. In  the  first,  patents  granted  from  1967  through  1976E  are  dis- 
tributed on  the  basis  of  the  dates  upon  which  they  were  granted. 

In  the  second  graph,  patent  activity  is  shown  by  application  date.  Patents 
which  were  granted  from  1967  through  June  1976,  are  distributed  on  the 
basis  of  the  dates  upon  which  the  applications  for  those  patents  were  filed, 
rather  than  the  dates  upon  which  the  patents  were  granted. 

Distributing  1967- June  1976  patents  on  an  application  date  basis  provides 
essentially  complete  data  on  those  applications,  which  ultimately  became 
patents,  filed  each  year  from  1965  through  1973.  This  is  the  case  be- 
cause there  is  a  delay  between  the  filing  of  a  patent  application  and  its 
subsequent  issuance  as  a  patent.  The  length  of  this  delay  (i.  e.  ,  the 
"pendency"  of  an  application)  is  determined  by  many  factors,  including 
Patent  and  Trademark  Office  workload,  budget  and  man-power  levels, 
patent  printing  schedules,    etc. 

In  1967,  when  maintenance  of  application  date  data  in  machine  readable 
form  began  (and  thus  became  subsequently  available  for  inclusion  in  the 
OTAF  data  base)  the  average  patent  pendency  was  in  excess  of  two  years. 
Consequently,  patent  applications  filed  in  1965  and  1966  were  not  issuing 
as  patents  until  1967  or  later. 

By  mid- 1976,  as  a  result  of  an  ambitious  and  successful  Patent  and  Trade- 
mark Office  program,  the  average  pendency  had  been  reduced  to  about 
19  months.  This  current  average  pendency  renders  data  for  years  sub- 
sequent to  1973  incomplete.  The  obvious  reason  for  this  is  that  some 
applications  filed  in  1974  and  many  filed  in  1975  were  still  pending 
at  the  time  the  data  for  these  reports  were  extracted.  The  applications 
had  not,  therefore,  appeared  as  patents  and,  consequently,  were  not  re- 
flected in  the  OTAF  data  base. 
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For  this  reason,  the  latest  application  date  data  given  on  most  of  the 
graphs  are  for  1973.  On  a  few  of  the  graphs,  however,  1974  application 
date  data  are  shown  when  those  data  indicate  an  increase.  This  is  done 
since  such  an  increase  is  real  even  though  the  1974  data  are  somewhat 
incomplete.  In  fact,  because  of  that  incompleteness,  the  increase  may 
even  be  greater  than  that  reflected  on  the  graph. 

Readers  should  note  that  only  applications  which  ultimately  matured  into 
patents  are  reflected  in  the  application  date  data.  Those  applications 
which  were  filed  but  never  issued  (an  average  of  30%  of  total  filings)  are 
not  included. 

Following  the  graphs  a  "country  table"  is  presented.  This  shows  in  nu- 
merical form,  the  U.S.  patent  activity  visually  illustrated  in  the  graphs.  * 
In  addition,  the  table  indicates,  by  country,  the  distribution  of  the  foreign 
patenting  (i.e.,  U.S.  patents  granted  to  residents  of  foreign  countries). 
Because  of  space  limitations,  a  maximum  of  ten  named  foreign  countries 
are  included  in  any  table.  Where  there  were  more  than  ten  involved,  an 
"All  Other"  listing  is  used  showing  the  combined  patenting  of  these  un- 
named countries,  the  number  of  which  is  given  in  parenthesis  following 
"All  Other". 

The  Examiner  Reports 

Each  of  the  four  examiner  reports  which  conclude  this  Section  go  to  great- 
er depth  of  detail  than  do  the  mini-reports,  in  discussing  the  trends  of  de- 
velopment and  recent  activity  in  the  area  covered.  The  body  of  each  re- 
port also  includes  growth  and  foreign  share  indices  along  with  the  same 
statistical  data  contained  on  the  second  page  of  the  "mini-reports".  Each 
report  ends  with  a  bibliography  of  the  patents  mentioned  in  the  report 
or  considered  of  interest  to  the  discussion  in  the  report. 

One  of  the  examiner  reports  --  that  on  Prostaglandins  --  is  an  update  of 
an  examiner  report  included  in  OTAF's  Fifth  Report,  issued  in  August 
1975.  An  update  is  being  presented  because  of  the  interest  generated  by 
the  first  report  and  the  continued  high  patent  activity  in  the  technology. 


*    Because    of    space    limitations,      1974   patented   application   figures    are 
not  included  in  the  table,    even  when  shown  on  the  graph. 
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ACTIVE  TECHNOLOGICAL  AREAS 


HIGH  OVERALL  GROWTH  TECHNOLOGY 


AVERAGE* 
%  GROWTH 


PAGE 


Thiazolines  and  Thiazolidines 

Velocipede     Locking  Supports 

Prostaglandins  ** 

Heating    and  Flexing  of  Moving  Materials 

Liquid  Crystal  Optical  Systems  and  Compositions 

Optical  Waveguides  #* 

Borehole     Telemetry  ** 

Power    Plants  with  Controls 

Telephony    and  Transmission  Systems 
Utilizing  Electrets 

Cardiac    Stimulators  ** 

Steel    Compositions  and  Treatment 


98.  2% 
84.1% 
80.1% 
72.  6% 
68.  7% 
66.  7% 
60.  0% 
58.  8% 

52.7% 
51.6% 
45.  8% 


40 
58 
81 
52 
42 
73 
60 
54 

46 
67 
38 


HIGH  FOREIGN  SHARE  TECHNOLOGY 


AVERAGE* 
%  FOREIGN 


PAGE 


Shaped  Manifolds  for  Engine  Valves 

Cultivators 

1,      2,    3  -   Triazole 

Phase  Shift  Feedback  Loop  Amplifier 

Voltage     Regulation  by  Impedence  Shunting 


83.3% 
78.  3% 
75.  8% 

56.3% 
53.3% 


56 
50 
36 
44 
48 


=      For  Calendar  Year  1974-1976E 
s*  "Examiner  Report" 
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STATISTICAL  REPORTS 
ON  SPECIFIC  AREAS 


^6 

1,  2,  3  -  TRIAZOLES 

Organic  compounds  and  their  preparation  containing  a  N-N-N-C-C  nucleus.  Triazoyl 
coumarin  derivatives  useful  as  optical  brighteners  and  triazole  -  alkanoic  acid  having 
anti -inflammatory  activity  are  typical  of  compounds  found  here  (Class  260,  subclass 
308A). 

Activity  Indices   (1974-76E) 

Growth  (10  year  base)       65.3%  Corporate  Owned  97.0% 

Foreign  Share  75.  8%  Government  Owned         0.  0% 

Recent  Activity 

Recent  efforts  have  been  directed  toward  the  development  of  new  compounds  useful 
as  optical  brighteners,  pharmaceuticals  or  plant  growth  inhibitors.  Patents  issued 
since  January  8,    1974,    include: 

3,  966,  755  -  Coumarin  Derivatives  (Schlapfer,  Ciba-Geigy  Corp.  )  -  Discloses  cou- 
marin residues  substituted  in  the  7-position  and  5,  6-benzo  coumarines  substituted 
in  the  3 -position  by  2-phenyl-trizol-4-yl  2-  or  1 -phenyl-pyrazol  -4-yl  groups  and 
analogues  thereof.    These  compounds  are  useful  as  optical  brighteners. 

3,948,930  -  Phenyl  -  and  (Substituted)  -  Phenyl  -  1,2,3-  Triazole -Alkanoic  and 
Alkenoic  Acids  (Buckler  et  al,  Miles  Laboratories,  Inc.  )  -  Specific  phenyl  -  and 
(substituted)-  phenyl-1,2,  3  trizole  -  alkanoic  and -alkenoic  acids  are  disclosed  which 
exhibit  antiinflammatory  or  antipyretic  activity.  Phenyl  substituents  include  lower 
alkyl  lower  alkoxy,    amino,   lower -alkylamido  and  halogeno. 

3,939,174  -  Certain  3-OXO-2-Aryl  -5,  6-Dihydro-4  (H)  -  Pyrrolo  -  (1,2-C)  (1,2,3) 
Triazolium  Compounds  (Abu  El-Haj  et  al,  Pfizer  Inc.  )  -  Discloses  a  process  for 
inhibiting  plant  growth  by  contacting  a  plant  or  its  growth  area  with  an  effective 
amount  of  specific  para-halophenyl  substituted  triazolines.  Also  disclosed  is  a  method 
of  preparing  3-phenyl  -4-0X0-1,2,3  triazoline  by  contacting  benzenediaonium 
chloride  with  -amino  carboxylic  acid  and  cyclo  dehydrating  the  triazene  produced 
using  acetic  anhydride  and  pyridine. 

3,880,875  -  Ultraviolet  Absorbing  2-(2-Hydroxyphenyl),  2H-1,2,  3  -  Triazole  Der- 
ivatives (Strobel  et  al)  -  Derivatives  of  2-(2-hydroxy  phenyl)  -  2H-1.2,  3  -  triazole 
useful  as  ultra-violet  light  absorbing  agents  which  stabilize  plastic  and  protect  human 
skin  from  sunburn. 

3,  875,  178  -  Upsilon  -  Triazole  Compounds  Possessing  A  Modified  Methyl  Group  In 
The  4-Position  (Kirchmayr,  Ciba  -  Geigy  AG)  -  Discloses  substituted  v-triazoles  use- 
ful as  optical  brighteners;  2-[3-phenyl  coumarinyl  -(7)]  -4-methyl  -5-benzoyloxy- 
methyl  -v-triazole  is  an  example  of  the  type  of  compounds  disclosed. 

3,869,469  -  7-Triazolyl  -3-Aryl  Coumarin  Compounds  (Neuners  et  al,  Bayer  Ak- 
tiengesellschaft)  -  Discloses  7-triazolyl  -3-aryl  coumarin  compounds  useful  as 
brighteners  which  can  be  incorporated  into  polyester  materials  during  spinning. 

3,  839,  352  -  Preparation  Of  Coumarin  -v-  Triazole  Oxides  And  Process  For  Pro- 
ducing Coumarin  -v-  Triazoles  Therefrom  (Kirchmayr  et  al,  Ciba-Geigy  AG)  -  Dis- 
closes^ -  [13  -  phenyl-coumarinyl- (7)] -v-triazole -1  -(or  -3-)  oxides  which  are  un- 
substituted  in  4-  and  5-  position  at  the  triazole  moiety,  or  have  in  one  or  both  of  the 
latter  two  positions  non-chromogenic  substituents  as  fluorescers  useful  for  the  mark- 
ing (invisible  in  daylight  but  fluorescent  in  ultraviolet  light)  of  objects,  such  as  pieces 
of  laundry.  Their  production  by  oxidizing  coumarin- (7 )-hydrazone-oximes  and  by  the 
conversion  of  2-coumarin-substituted  v-triazole-1 -(or  -3-)  oxides,  by  reducing  e.g. 
with  hydrogen  in  statu  nascendi,   to  the  corresponding  triazoles  is  also  disclosed. 

3,839,351  -  Triazolyl  -  Coumarins  (Dorlars  et  al,  Bayer  Aktiengesellschaft)  -  Dis- 
closes triazolyl  coumarins  compounds,  such  as,  7  [4-ethyl  -5 -methyl  -v-triazolyl 
-(2)]  -3  [v-triazolyl  -(1)]   -coumarin  (lc),   useful  as  optical  brighteners. 

3,  784,  569  -  v- Triazolyl  Coumarins  (Kirchmayr  et  al,  Ciba-Geigy  AG)  -  Discloses 
3-aryl  -7-(v-triazolyl)  -coumarins  such  as  2-[3-phenylcoumarinyl  -(7)  -4,5  -tetra- 
methyl]  -v-triazole  useful  as  optical  brightening  agents  in  organic  materials  (detergent 
compositions,   fibers,    etc.) 
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STEEL  COMPOSITIONS  AND  TREATMENT 

The  treatment  or  working  of  solid  low  alloy  steels  which  contain  at  least  50%  iron 
or  have  carbon  as  their  principle  alloying  ingredient.  The  treatments  are  directed 
to  changing  the  physical  and/or  chemical  properties  of  the  steel.  Typically,  specific 
alloying  compositions  combined  with  particular  heating,  cooling,  annealing,  tempering 
or  rolling  processes  are  utilized  to  produce  high-strength  and  toughness  in  the  steels. 
(Class  148,    subclasses  12Fand36). 

Activity  Indices  (1974-1976E) 

Growth  (10  year  base)        45.8%  Corporate  Owned  97.4% 

Foreign  Share  49.4%  Government  Owned         0.0% 

Recent  Activity 

Recent  patent  activity  is  directed  to  producing  lightweight  steels  which  are  easily 
weldable  and  maintain  a  high  degree  of  strength  in  cold  environments.  These  steels 
are  primarily  used  in  pipelines  which  transport  oil  under  high  pressure.  Rare  earth 
metals  combined  with  temperature  control  in  the  metal  finishing  process  are  used  to 
increase  the  structural  strength  and  toughness  of  the  steel.  Patents  issued  since 
June  of  1976  include: 

4,000,017  -  Process  of  Manufacturing  Heat  Resisting  Steel  Sheet  For  Deep  Drawing 
(Kinoshita  et  al,  Nippon  Kokan  Kabushiki  Kaisha)  -  Discloses  the  manufacturing  of 
aluminum-killed  steel  sheets  by  hot  rolling  steel  which  contains,  by  weight,  less  than 
0.  10%  of  C  (0.  15%  at  the  maximum  in  case  decarbonization  annealing  follows  the  hot 
rolling),  less  than  0.  15%  of  Si,  less  than  0.  25%  of  Mn  (provided  the  amount  of  Mn  is 
such  that  the  ratio  of  Mn  to  S  is  more  than  8),  0.4%  to  1.  5%  of  Cr,  less  than  0.  8% 
of  Mo,  and  less  than  0.  5%  of  Al.  The  steel  sheet  is  subsequently  cold  rolled  at  the 
reduction  rate  of  more  than  30%  and  annealed  for  recrystallization  at  a  temperature 
above  700    C.     Superior  cold  formability  at  ambient  temperatures  is  asserted. 

3,  994,  754  -  High  Elastic -Limit,  Weldable  Law  Alloy  Steel  (Geymond,  Societe  des 
Acieries  de  Paris  &;  d  'Outreau)  -  Discloses  the  manufacturing  of  cast  steel  useable 
as  railway  car  couplings.  The  steel  consists  of  0.09  to  0.  15%  by  weight  carbon;  1.3 
to  1.  8%  by  weight  Mn;  0.  15  to  0.  35%  by  weight  Mo;  0.  10  to  0.40%  by  weight  Si;  0.  03 
to  0.  06%  by  weight  V;  0.  005  to  0.  05%  by  weight  Nb  or  Ta;  0.  015  to  0.  05%  by  weight 
Al;  0.  002  to  0.  04%  by  weight  T;  0.  1  to  0.  3%  by  weight  N;  0.  10  to  0.  25%  by  weight  Cr; 
<_  .02%  by  weight  sulphur;  and  <  .  03%  by  weight  phosphorus;  the  balance  to  make 
100%  by  weight,  iron.  This  steel  composition  is  treated  with  high  temperature  homo- 
genization,  quenched  in  room  temperature  water  and  tempered  at  a  temperature  be- 
tween 550      and  680  °  C.     Good  weldability  and  a  high  elastic  limit  are  asserted. 

3,  982,  969  -  Low  Silicon  High  Strength  Low  Alloy  Steel  (Koros  et  al,  Jones  &  Laugh- 
lin  Steel  Corporation)  -  Discloses  the  manufacturing  of  hot  rolled  vanadium  -  nitrogen 
steel  consisting  of  carbon,  0.09%  to  0.22%;  manganese,  1.65%  maximum;  silicon, 
0.  05%  maximum;  sulfur,  0.025%  maximum;  nitrogen,  0.015%  to  0.031%;  vanadium, 
0.1%  to  0.14%;  rare  earth  or  rare  earth  mixture,  0.  01%  to  0.  1%;  aluminum,  0.01% 
to  0.  9%;  the  balance  of  iron.  It  is  asserted  that  this  steel  possesses  an  80,  000 
p.  s.  i.   minimum  yield  strength. 

3,  976,  514  -  Method  For  Producing  A  High  Toughness  And  High  Tensil  Steel  (Matsukura 
et  al,  Nippon  Steel  Corporation)  -  Discloses  the  manufacturing  of  a  low  temperature 
rolled  steel  for  pipelines  usedin  cold  environments.  The  steel  contains  less  than  .  25% 
carbon,  0.5%  silicon,  0.  5  to  2.0%  manganese,  0.015%  sulfur,  0.  005  to  0.  1%  alumi- 
num, one  or  more  of  niobium,  vanadium  and  titanium  in  an  amount  not  less  than  0.  01%, 
one  or  more  of  lanthanum,  cerium  and  praeseadymium  in  an  amount  not  less  than  1.3 
times  the  amount  of  sulfur,  the  balance  of  iron.  A  low  notch  toughness  transition 
temperature  is  asserted. 

3,  970,483  -  Normalized  Alloy  Steel  For  Use  at  Elevated  Temperature  (Spaeder,  United 
States  Steel  Corporation)  -  Discloses  a  temperature  normalized,  silicon  killed  steel 
for  service  at  temperature  up  to  1000  °  F.  The  steel  contains:  0.15  to  0.21% 
carbon,  0.  7  to  1.0%  manganese,  0.15  to  0.3%  silicon,  0. 4  to  0.  65%  chromium,  0.45 
to  0.  6%molybedenum,  0.  05  to  0.  1%  vanadium,  0.  01  to  0.  1%  columbium,  the  remainder 
being  iron. 

3,960,615  -  Weldable  Bar,  Especially  For  Use  In  Reinforcing  Concrete  (Breedijk, 
Hoogouens  Ijmuiden,  B.  V.  )  -  Discloses  a  stitch  weldable  steel  bar  for  use  in  reinfor- 
cing concrete  structures.  The  bar  consists  of  a  Si -semi -killed  steel  containing  not 
less  than  0.  18%  and  not  more  than  0.  29%  C,  not  less  than  1.  2%  and  not  more  than 
1.5%Mn,  less  than  0.1%  Si,  less  than  0.01%  Al,  less  than  0.  005%N,  less  than 
0.  05%  P,  less  than  0.05%,  in  total  less  than  0.15%  Cr,  Ni,  Mo,  Cu,  and  Sn,  and 
at  least  some  but  less  than  0.  04%  Nb,  and  possibly  also  at  least  some  but  less  than 
0.  06%  V.     A  10%  increase  in  ingot  efficiency  is  asserted. 
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THIAZOLINES  AND  THIAZOLIDINES 

Compounds      and      their      preparation    having    a 

S-C=N-C-C,     S-C-N=C-C,     S-C-N-C=C    or    S-C-N-C-C 

ring  nucleus  containing  "uncommon"  elements  (e.  g.  ,  other  than  C,  H,  O,  S,  N. 
Hal,  simple  metal  salt),  2-amino  or  2-imino  groups,  or  substituted  in  the  4-position 
with  a  carbonylic  (C=0)  containing  group.  Optically  active  thiazolidine  -4-carboxylic 
acids  useful  in  splitting  d,  1-phenylpropanol-amine  racemate  are  typical  of  the  com- 
pounds found  here  (class  260,    subclasses  306.  7E,    T,    C) 

Activity  Indices   (1974-1976E) 

Growth  (10  year  base)  98.2%  Corporate  Owned       96.3% 

Foreign  Share  48.  6%  Government  Owned      0.  0% 

Recent  Activity 

Recent  patent  activity  focuses  on  new  compounds  useful  as  pharmaceuticals  per  se 
or  as  intermediates  to  prepare  pharmaceuticals.  Patents  issued  since  January  1975, 
include: 

3,  960,  881  -  Method  For  Preparing  4-Carboxythiazolidine  -2-Thione  (Reece  et  al, 
Phillips  Petroleum  Company)  -  Discloses  certain  thiazolidine  -  and  thiazine  -2- 
thione  compounds  and  their  preparation  useful  as  analgesics.  4-carboxy  thiazolidine 
-2-thioneand  3,4  tetramethylene  -4H,  5,  6,  dihydro  -1,3  thiazine  -2-thione  are  exam- 
ples of  the  compounds  disclosed.  Thiazolidines  are  prepared  by  reacting  an  alkali 
metal  hydroxide  with  the  appropriate  amino  mercaptan  and  carbon  disulfide.  Thia- 
zine -2-  thione  are  prepared  from  (haloalkyl)  piperidine  hydrochloride  and  carbon  di- 
sulfide in  the  presence  of  alkali  metal  hydroxide. 

3,  959,  302  -  Process  For  The  Splitting  Of  The  Racemate  Of  D-l -Phenyl  Propano- 
lamine  (Assinger  et  al,  Deutsche  Gold-  und  Silber-Scheideanstalt  vormals  Roessler) 
The  d,  1-phenyl-propanolamine  (norephedrine)  racemate  is  split  with  optically  active 
thiazolidine  -4-  carboxylic  acids  such  as  3-formyl  -2,  2,  5,  5-tetramethyl-thiazolidine 
-4-carboxylic  acid. 

3,  950,  350    -    Penam  -  Dimethylsulfoxide  Complex  (Hammen  et  al,    Pfizer  Inc.  )  -  Dis- 
closes 6-(triphenylmethylamino)  -2,  2-dimethyl  -3-     (N-[p-methoxy  benzyl]  carbamoyl) 
penam  dimethyl   sulfoxide  complex  useful  as  an  intermediate  in  the  synthesis  of  anti- 
bacterial 6-acylamino  -2,  2-dimethyl  -3-  (5-tetrazolyl)  penams. 

3,948,926  -  O,  O  Diethyl-2-(5  ethyl  -6-  Bromothiazolo  \2>,  2-6]  -s-  Triazolyl) 
Thionophos phate  (Kane  et  al,  )  -  Discloses  title  compound  useful  as  insecticide  and 
acaricide. 

3,  924,  014  -  Substituted  Mercapto  Benzimidazole  (Rounyak  et  al,  E.  R.  Squibb  &  Sons 
Inc.)  -  Discloses  mercapto  benzimidazole;  such  as  the  S-[l-(4,  5  -  dihydro  -  2  - 
thiazoyl  -  1H  -  benzimidazol  -2-  yl]  ester  of,  [1,  1'  -  Biphenyl]  -4-  carbothioic 
acid  useful  as  antiinflammatory  agents. 

3,900,488  -  Production  Of  6-Amino  Penicillanic  Acid  (Huper,  Bayer  Aktiengesell- 
schaft)  -  6-Aminopenicillanic  acid  is  prepared  by  contacting  a  penicillin  with  a  pen- 
icillin acylase  enzyme  covalently bonded  to  an  insoluble  carrier  composedof  an  inter- 
polymer   of    acrylamide,     N,     N'    -   methylene    -    bis    -   acrylamide   and  maleic   acid. 

3,900,487  -  Certain  Diazathiabicycloheptane  Derivatives  (Underwood  et  al,  Glaxo 
Laboratories  Limited)  -  Disclose  thiazolidine  derivatives  and  their  preparation  use- 
ful in  the  production  of  cephalosporins,   penicillins  and    8  -lactam  antibiotics. 

3,879,409-  Isolation  Of  6-Aminopenicillanic  Acid  And  Salts  Thereof  (Hamsher, 
Pfizer  Inc.  )  -  6-Aminopenicillanic  acid  or  salts  thereof,  obtained  by  chemical  or 
enzymatic  cleavage  of  benzyl-  or  phenoxymethylpenicillin,  are  isolated  from  the  hy- 
drolysis solution  by  extraction  of  the  phenylacetic  acid  or  phenoxyacetic  acid  followed 
by  spray  drying  at  a  pH  of  2-8,  or,  alternately,  spray  drying  said  solution  at  a 
pH  of   2-8  followed  by  extraction  of  the  phenylacetic  acid  or  phenoxyacetic  acid. 

3,862,164  -  Thiazolidines  Azetidinones  (Cooper,  Eli  Lilly  &  Co.)  -2-Substituted 
thiazoline  azetidinones  are  obtained  from  2,  6-disubstituted  thiazoline  azetidinones  by 
oxonolysis  and  solvolysis.  Reduction  of  the  2-substituted  thiazoline  azetidinones  by 
treatment  with  aluminum  amalgam  or  sodium  borohydride  leads  to  the  corresponding 
thiazolidine  azethidinones.  The  latter  class  of  compounds  are  useful  in  the  synthesis 
of  penicillins  and  cephalosporins. 
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LIQUID  CRYSTAL  OPTICAL  SYSTEMS  AND  COMPOSITIONS 

Liquid  compositions  which  exhibit  a  mesomorphic  state  of  matter  intermediate  between 
a  crystalline  solid  and  a  normal  isotropic  liquid.  Also  included  are  apparatus  using 
these  compositions  to  control  the  intensity  or  direction  of  incident  light  througha  change 
in  the  structural  features,  internal  structure,  physical  composition  or  chemical  pro- 
perties of  the  composition.  Generally,  these  changes  are  induced  by  the  application 
of  various  forms  of  energy  such  as  temperature,  pressure,  electrical  fields  or  magnetic 
fields.  Typically,  these  compositions  and  apparatus  find  use  in  calculator  display 
systems.      (Class  350,    subclass  160LC  and  class  252,    subclass  299). 

Activity  Indices  (1974-1976E) 

Growth  (10  year  base)      68.7%  Corporate  Owned  91.9% 

Foreign  Share  36.8%  Government  Owneded      3.1% 

Recent  Activity 

Recent  patent  activity  focuses  on  display  systems  for  watches,  calculators  and  in- 
strument panels.  These  systems  are  designed  to  provide  high  contrast  ratios,  greater 
viewing  angle  visibility,  multiple  displayed  colors,  operation  within  a  broad  tempera- 
ture range  and  high  chemical  stability.    Patents  issued  since  June  1976,   include: 

OPTICAL  SYSTEMS 

3,  988,  056  -  Liquid  Crystal  Display  Method  and  Information  Processing  Apparatus 
Applying  this  Method  (Hareng  et  al,  Thomson-CSF)  -  Discloses  a  liquid  crystal  dis- 
play device  for  use  in  radar  screens  which  permits  thermal  writing  of  two  successive 
patterns  on  a  layer  of  liquid  crystal.  The  two  patterns  are  produced  by  two  distinct 
incoming  electrical  signals  and  are  combined  in  a  specified  manner  by  way  of  a  re- 
orienting biasing  voltage  applied  during  the  writing  of    the  second  pattern. 

3,  980,  396  -  Liquid  Crystalline  Deflection  and  Modulation  System  -  (Pollack  et  al, 
Xerox  Corp.  )  -  Deflection  and  modulation  of  monochromatic  light  is  achieved  through 
use  of  nematic  liquid  crystalline  material,  having  negative  dielectric  anisotropy,  placed 
between  two  transparent  electrodes;  applying  a  voltage  above  the  threshold  voltage 
level  for  the  parallel  variable  diffraction  mode  of  the  material;  applying  monochromatic 
light  into  the  layer  of  liquid  crystalline  material;  and  varying  the  applied  voltage  so 
that  diffracted  light  is  passed  through  the  nematic  layer  or  totally  reflected  within 
the  nematic  layer. 

3,  975,  085  -  Liquid  Crystal  Display  Device  With  Interdigital  Electrodes  (Yamada  et  al, 
Tokyo  Shibaura  Electric  Co.  Ltd.  )  -  Discloses  a  liquid  crystal  display  device  having 
interdigital  electrodes  disposed  opposite  to  each  other  and  adjacent  to  a  liquid  crystal 
material.  Out  of  phase  AC  voltages  are  applied  to  the  electrodes  to  cause  violent 
perturbations  in  the  liquid  crystal  molecules.  Better  contrast  and  response  times 
are  asserted. 

3,  966,  303  -  Liquid  Crystal  Display  Utilizing  Transmitted  Light  (Yamamoto,  Omron 
Tateisi  Electronics  Co.  )  -  Discloses  a  liquid  crystal  display  apparatus  which  utilizes 
ambient  light,  enabling  it  to  operate  in  the  absence  of  a  self-contained  light  source. 
A  plurality  of  optical  fiber  bundles  or  mirrors  are  used  to  enhance  the  intensity  and 
transmit  ambient  light  to  the  rear  side  of  the  display  assembly  for  transmission  there- 
through. 

COMPOSITIONS 

Patent  No.    3,  981,  816  Nematic  liquid  crystal  material  plus 
Title  -  Liquid  Crystal  Display  Device  a    homeotropic  alligning  additive  of  sorbitan 
Inventors  -  Moriyama  et  al  monofatty  acid  esters  (e.  g.  sorbitan  mono- 
Assignee  -  Matsushita  Electric  In-  laurate. 
dustrial  Co.  ,    Ltd. 

Patent  No.    3,988,054  4,4'   -  substituted  benzylidenaniline 

Title  -  Nematic  Liquid  Crystal  Compo-  plus  a  nematic  liquid  crystal  material 

sitions  for  imparting  positive  dielectric 

Inventors  -  Yaguchi  et  al  anisotropy  in  the  liquid  crystal. 
Assignee  -  Dai  Nippon  Toryo 
Kabushiki  Kaisha 

Patent  No.    3,  984,  344  Cyanophenylbenzoates  plus  at  least  one 

Title  -  Positive  Dielectric  Anisotropy  (non-nitrile  bearing)  substituted  phenyl 

Liquid  Crystal  Compositions  benzoate  for  positive  dielectric  anisotropy. 

Inventor  -  Cole 
Assignee  -  General  Electric  Co. 

Patent  No.    3,  975,  288  50  weight  per  cent  of  cholesteryl  3- 

Title  -  High  Temperature  Non-Crys-  chloropropionate,    30  weight  per  cent  of 

tallizing    Cholesteric    Liquid  Crystal  a  cholesteryl   ester,    and  20  per  cent 

Compostions  of  another  cholesteryl  compound 

Inventor  -  Davis  gives  a  composition  which  undergoes  little 

Assignee  -  RPR    Inc.  if  any  crystallization. 
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PHASE  SHIFT  FEEDBACK  LOOP  AMPLIFIERS 

Electrical  amplifier  circuits  having  phase  shifting  components  in  a  signal  feedback  loop 
path.  The  phase  angle  of  the  voltage  or  current  derived  from  the  amplifier  output  is 
modified  prior  to  being  superimposed  on  the  amplifier  input  signal.  Typically,  these 
circuits  utilize  feedback  controlled  operational  amplifiers  for  narrow  band  frequency 
filtering  in  communication  networks.    (Class  330,    subclass  107). 

Activity  Indices  (1 974-1 976E) 

(Growth  10  year  base)       45.3%  Corporate  Owned         85.4% 

Foreign  Share  56.3%  Government  Owned       8.3% 

Recent  Activity 

Recent  patent  activity  focuses  on  the  use  of  active  circuit  elements  (e.  g.  operational 
amplifiers)  which  are  fabricated  as  thick  film  integrated  circuits  (I.  C.  's).  The  circuits 
are  designed  to  provide  high  reliability  and  reduction  in  component  size.  They  are  pri- 
marily used  as  audio  bandpass  filters  in  stereo  systems.  Patents  issued  since  May 
1976,   include: 

3,  983,  505  -  Signal  Frequency  Band  Control  System  (Ishigaki  et  al,  Victor  Company  of 
Japan,  Limited)  -  Discloses  a  variable  filter  circuit  with  automatic  gain  control  of  the 
output  signal.  The  cutoff  frequencies  of  the  filter  are  controlled  by  the  input  signal 
levels.  In  addition  the  filter  contains  a  negative  feedback  circuit  to  provide  a  signal, 
resulting  from  the  addition  of  the  output  signal  of  the  amplifier  and  the  output  signal 
of  a  gain  constant  circuit,  to  the  output  amplifier.  A  field  effect  transistor  acting  as 
a  variable  resistor  in  the  negative  feedback  loop  controls  the  cutoff  frequency  of  the 
filter. 

3,  983,  504  -  Active  Filter  (Moy)  -  Discloses  an  RC  active  filter  circuit  connected 
between  the  output  terminal  and  the  inverting  input  terminal  of  a  differential  operational 
amplifier  to  limit  band  pass  frequencies.  The  filter  circuit  is  composed  of:  a  first 
resistor  in  parallel  with  three  series  capacitors;  two  series  resistors  in  parallel  with 
the  center  capacitor;  and  a  fixed  potential  (e.  g.  ground  or  reference  voltage)  connected 
to   the   junction  between  the   two   series    resistors. 

3,  979,  690  -  Failsafe  Controlled  Gain  Inverting  Amplifier  Apparatus  (Matty,  Westing- 
house  Electric  Corporation)  -  Discloses  a  failsafe  inverting  amplifier  for  vehicle  opera- 
tion control  systems.  The  amplifier  has  a  four  terminal  capacitor  feedback  impedance 
which  has  the  first  terminal  connected  to  the  amplifier  circuit  output,  the  second  terminal 
connected  to  the  output  terminal  of  the  amplifier,  the  third  terminal  connected  to  the 
amplifier  input,  and  the  fourth  terminal  connected  to  the  input  inpedance  that  prevents 
amplifier  failure. 

3,978,420  -  Self- Tuning  Filter  (Lane,  General  Electric  Company)  -  Discloses  a  self- 
tuning  filter  having  a  voltage  tunable  filter  circuit  which  simulates  a  series  resistor- 
inductor- capacitor  (RLC)  circuit  and  which  is  tunable  to  vary  its  resonance  frequency 
in  response  to  the  value  of  an  input  control  voltage. 

3,975,691  -  Active  Frequency  Filter  Cells  (Thepaut,  Lignes  Telegraphiques  et  Tele- 
phoniques)  -  Discloses  electric  frequency  filter  circuits,  used  in  telecommunications, 
whose  transfer  functions,  expressed  as  a  function  of  angular  frequency,  are  equal  to 
the  quotient  of  two  polynomials  of  at  least  the  second  degree.  The  active  filter  cells 
of  the  circuit  contain  dipoles  formed  of  capacitors  and  resistors  which  are  connected 
to  an  operational  amplifier. 

3,  972,  006  -  Bandpass  Filter  (Ruegg,  Beckman  Instruments,  Inc.  )  -  Discloses  a  two 
stage  pretuned  single  frequency  bandpass  filter  constructed  as  an  integrated  circuit. 
Each  filter  stage  comprises  a  differential  input  operational  amplifier.  The  output  of  the 
second  stage  is  in  feedback  with  one  input  of  the  first  stage  and  the  output  of  the  first 
stage  is  connected  to  one  input  of  the  second  stage.  Filter  circuit  input  is  at  the  negative 
input  of  the  first  stage  amplifier  while  filter  output  is  taken  from  the  output  of  the  first 
stage  amplifier.  Reduction  in  component  size  and  stability  with  respect  to  temperature 
variations  are  asserted. 

3,955,151  -  Amplifier  With  A  Plurality  of  Negative  Feedback  Circuits  (Ochiai,  Sony 
Corporation)  -  Discloses  an  amplifier  selectively  connectable  to  either  a  phonograph  or 
a  stereo  tuner  input  through  negative  feedback  circuits  particular  to  each  input.  Feed- 
back attenuation  impedance  is  provided  between  the  disconnected  feedback  networks  and 
ground.  The  impedence  causes  the  loop  gain  of  the  amplifier  to  be  smaller  than  one 
by  shunting  positive  feedback  currents  to  ground.  It  is  asserted  that  the  amplifier 
circuit  prevents  oscillations  induced  by  positive  feedback. 
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TELEPHONY  AND  TRANSMISSION  SYSTEMS  UTILIZING  ELECTRETS 

Telephones,  non-linear  electrical  reactor  systems,  and  recording  or  reproducing  sys- 
tems that  utilize  a  device  (electret)  which  generates  electrical  signals  in  response  to 
variations  in  energy  impinging  upon  it.  Microphones  and  headphones,  containing  electrets 
for  converting  sound  to  electrical  signals,  are  found  here.  (Class  179,  subclasses  111E, 
100.  41B  and  Class  307,   subclass  88ET) 

Activity  Indices  (1974-1976E) 

Growth  (10  year  base)       52.7%  Corporate  Owned  93.1% 

Foreign  Share  53.5%  Government  Owned         6.9% 

Recent  Activity 

Recent  developments  have  been  directed  towards  maintaining  a  stable  dipole  distribu- 
tion and  electrical  charge  in  electrets  which  are  exposed  to  temperature  cycling,  humid 
ambients,  long  term  aging  and  mechanical  shock.  The  electret  transducers  are  usually 
used  in  telephones  and  stereo  speaker  systems.  Patents  issued  since  November,  1974 
include: 

3,  991,  285  -  Microphone  Having  An  Electrostatic  Cartridge  Having  A  Structural  Elec- 
trical Resistor  (  Worm  etal,  U.S.  Philips  Corp.  )  -  A  capacitor  microphone  in  which  the 
electrostatic  cartridge  has  an  electret  diaphragm  clamped  to  a  highly  conductive  front 
electrode  and  a  weakly  conductive,  synthetic  material,  back  electrode.  This  weakly 
conductive  back  electrode  acts  as  the  large  resistor  for  the  input  circuit  of  an  asso- 
ciated microphone  amplifier. 

3,  980,  838  -  Plural  Electret  Electroacoustic  Transducer  (Yakushiji  et  al,  Tokyo  Shibaura 
Electric  Co,  Ltd.  )  -  Discloses  an  electroacoustic  transducer  containing  a  pair  of  elec- 
trode diaphragms  disposed  one  at  each  side  of  a  stationary  electrode  plate  such  that  there 
is  a  spacing  between  the  stationary  electrode  plate  and  the  electrode  diaphragms.  An 
electret  film  is  provided,  on  the  inner  surfaces  of  each  electrode  diaphragm  or  on  the  two 
surfaces  of  the  stationary  electrode  which  confronts  the  inner  surfaces  of  the  electrode 
diaphragms.  The  diaphragms  are  vibrated  in  the  same  direction  and  are  acoustically 
coupled  to  each  other. 

3,  963,  881  -  Unidirectional  Condenser  Microphone  (Fraim  et  al,  Thermo  Electron  Corp.  ) 
-  Discloses  miniture  unidirectional  condenser  microphone  having  an  electret  diaphragm 
which  divides  the  microphone  housing  into  two  chambers.  Each  chamber  has  a  sound 
inlet  port  and  one  of  the  ports  is  covered  by  a  sheet  of  porous,  non-absorbent,  hydro- 
phobic, thermoplastic  material.  This  forms  an  acoustical  resistance  which  phase  shifts 
any  acoustic  waves  incident  upon  the  rear  of  the  diaphragm  so  that  the  microphone  is 
unidirectional. 

3,  949,  178  -  Electret  Device  Having  Charge  Maintained  by  Radioactivity  (Hellstrom  et  al, 
Telefonaktiebolaget  LM  Ericssan)  -  Discloses  an  electret  transducer  containing  a  polar- 
ized dielectric  layer  coated  on  one  surface  with  a  tritium  containing  radioactive  layer, 
g  particles,  emitted  from  the  radioactive  layer,  radiate  into  the  dielectric  layer  and 
maintain  the  charges  stored  there.  It  is  asserted  that  the  g  particles  radiated  into  the 
dielectric  maintain  the  electret  polarization  and  extend  the  electrets  useful  life. 

3,  970,  862  -  Polymeric  Sensor  of  Vibration  and  Dynamic  Pressure  (Edelman  et  al,  The 
United  States  of  America  as  represented  by  the  Secretary  of  the  Navy)  -  Discloses  a 
flexible  pressure  and  vibration  transducer  constructed  of  a  sandwich  of  two  thin  sheets 
of  flexible,  poled  polymeric  film  with  metallic  film  electrodes  on  each  surface  of  the 
polymeric  film.  The  center  electrodes  which  do  not  extend  to  the  end  of  the  sheet 
of  electret  material  are  the  signal  carrying  electrodes.  Applications  disclosed  are 
maintenance  of  bearings  and  transmissions  in  vehicles,  and  biomedical  studies  inhumans 
and  animals. 

3,  942,  029  -  Electrostatic  Transducer  (Kawakami  et  al,  Sony  Corporation)  -  Discloses 
an  elecroacoustic  transducer  which  contains  a  monocharged  electret  clamped  between 
two  electrodes  and  adjacent  non-contiguous  electrostatic  shields  covering  the  electrodes. 
The  shields  minimize  chargeloss  onthe  electret.  An  increase  in  signal  fidelity  is  asser- 
ted. 

3,  872,  318  -  Pyroelectric  Element  of  Polymer  Film  (Murayama,  Kureha  Kagaku  Kogyo 
KabushikiKaisha)  -  A  pyroelectric  polymer  film  is  disclosed  for  use  as  a  signal  storage 
or  reproducing  element.  The  polymer  film  has  a  stable  non-uniform  distribution  of 
pyroelectricity  along  its  surface  representative  of  the  signal  stored.  The  polarization 
signals  of  different  pyroelectricities  are  generated  in  the  film  and  the  stored  signals 
are  emitted  without  eliminating  the  stored  data. 
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VOLTAGE  REGULATION  BY  IMPEDENCE  SHUNTING 

Electrical  systems  having  a  single  electrical  source  circuit  coupled  to  a  single  elec- 
trical load  circuit,  in  which  the  magnitude  of  the  output  voltage  of  the  source  circuit 
is  controlled  by  an  impedance  or  a  controllable  impedence,  e.  g.  ,  transistor,  in  shunt 
with  the  load.  These  circuits  are  typically  used  as  voltage  regulators  in  solar  cell  power 
supplies  and  for  noise  reduction  in  stereo  sound  systems,    (Class  323,    subclass  8) 

Activity  Indices  (1974-1976E) 

Growth  (10  year  base)     45.0%  Corporate  Owned  91.1% 

Foreign  Share  53. 3%  Government  Owned         0.  0% 

Recent  Activity 

Recent  patent  activity  focuses  on  circuits  in  high  fidelity  stereo  systems  which  utilize 
impedence  shunts  to  effect  reduction  of  component  induced  noise.  These  shunt  circuits 
tend  to  operate  either  as  low  frequency  signal  expanders  or  as  high  frequency  signal 
compressors.    Patents  issued  since  May  1975,    include: 

3,956,687  -  Staggered  Stage  Shunt  Regulator  (Lindenman,  Hughes  Aircraft  Company) 
-  Discloses  a  regulator  for  maintaining  the  output  voltage  of  a  solar  cell  array.  Zener 
diode  switches  trigger  power  transistor  shunts  in  sequence  so  that  when  one  power  shunt 
stage  is  saturated  the  next  consecutive  power  stage  is  activated.  The  regulator  asser- 
tedly  reduces  power  dissipation  and  concomitantly  allows  for  smaller  and  lighter  dissipa- 
tors  in  spacecraft. 

3,939,396  -  Shunt  A.  C.  Voltage  Regulator  with  Modified  Full-Wave  Bridge  (Larson, 
ECC  Corporation)-  Discloses  a  voltage  regulator  for  current  limited  alternating  current 
(AC)  voltage  sources  (e.  g.  magneto  type  voltage  generators  for  motorcycles  or  garden 
tractors).  An  SCR  switch  and  a  full-wave  bridge  rectifier  are  connected  in  shunt 
with  the  AC  voltage  source.  A  transistorized  control  circuit  is  driven  by  the  bridge 
and  triggers  the  SCR  to  change  current  impedance  and  output  voltage. 

3,  934,  190  -  Signal  Compressors  and  Expanders  (Dolby,  Dolby  Laboratories,  Inc.  )  -  Dis- 
closes voltage  driven  signal  circuit  which  can  be  used  as  a  high  frequency  compressors 
(e.g.  as  part  of  a  hiss  noise  reduction  system)  or  as  a  low  frequency  expanders  (e.g. 
as  part  of  a  rumble  noise  reduction  system)  for  dynamic  range  modification  in  tape 
recorders.  Reactive  networks  are  connected  to  a  variable  resistance  so  that  resistance 
changes  shift  the  turnover  frequency  of  the  circuit  and  exclude  large  amplitude  com- 
ponents,  within  a  designated  frequency  band,   from  the  dynamic  range  modification. 

3,896,368  -  Voltage  Regulating  Device  (Rym,  ACEC  Ateliers  de  Constructions  Elec- 
triques  de  Charleroi)  -  Discloses  a  system  for  regulating  the  output  voltage  of  a  group 
of  modular  solar  cells  which  are  to  be  used  as  a  satellite  power  supply.  The  voltage 
regulator  contains:  transistor  interrupters  connected  between  the  ground  and  a  terminal 
of  a  module,  for  short  circuiting  the  module;  a  differential  amplifier  connected  between 
a  bus  bar  and  a  reference  voltage  generator;  an  analog  to  digital  (A/D)  converter,  the 
analog  input  of  which  is  connected  to  the  output  of  the  differential  amplifier  and  the  binary 
outputs  which  connect  to  a  D/A  converter.  The  analog  output  of  the  D/A  converter, 
together  with  that  of  the  differential  amplifier,  are  fed  to  a  difference  detector  to  provide 
a  regulator  control  signal  for  the  resistive  shunt  situated  between  the  bus  bar  and  the 
ground. 

3,889,176  -  Reactive  Regulator  (Randall,  ACME  Electric  Corporation)  -  Discloses  a 
reactive  voltage  regulator  for  producing  a  DC  voltage  from  an  AC  voltage  input.  A 
bidirectional  triac  switch  is  connected  in  series  with  an  inductive  reactance  and  in  shunt 
with  a  load.  A  second  inductive  reactance  is  in  series  with  the  input  and  output  terminals 
of  the  circuit.  Varying  the  firing  angle  of  the  triac  regulates  the  output  voltage  to 
the  load. 

3,  886,437  -  Stable  Threshold  Circuit  (Wilwerding,  Honeywell  Inc.  )  -  Discloses  a  com- 
puter type  photographic  flash  light  control  system  containing  a  switch,  a  light  sensing 
circuit  and  a  flash  unit.  The  light  sensing  circuit  utilizes  a  light  activated  silicon 
controlled  rectifier  (LASCR)  responsive  to  decreases  in  supply  voltage  to  prevent  the 
voltage  decrease  from  effecting  the  generation  of  a  false  flash  quench  signal.  A  temp- 
erature responsive  resistor  compensates  the  light  sensing  circuit  for  variation  in  temp- 
erature. 

3,  882,  372  -  Parallel  Voltage  Regulator  (Martynow  et  al)  -  Discloses  a  stabilized  vol- 
tage regulator  circuit  for  use  in  battery  powered  measuring  instruments.  The  circuit 
consists  of  a  Zener  diode,  a  differential  amplifier,  a  n-p-n  transistor,  a  semicon- 
ducting diode  and  two  series  resistors.  A  voltage  drop  across  the  semiconducting 
diode  operates  to  increase  the  output  voltage  supplying  the  Zener  diode.  The  stabilized 
voltage  obtained  is  the  sum  of  the  output  voltage  and  the  voltage  drop  in  the  semiconducting 
diode. 
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CULTIVATORS 

Power  driven  rotary  earthworking  elements  mounted  on  a  frame  and  moved  in  a  regular 
cyclic  motion  relative  to  the  frame.  The  earthworking  elements  are  (1)  individually 
spaced  transversly  to  the  direction  the  frame  travels  and  (2)  contain  teeth,  tines  or 
blades  spaced  circumferentially  in  a  plane  at  right  angles  to  their  axis  of  rotation. 
The  frame  can  be  adapted  to  enable  a  walking  attendant  to  manipulate  (steer  or  guide) 
the  tool.  Cultivators,  such  as  harrows  and  roto  tillers,  are  found  here.  (Class  172, 
subclasses  42,    59,    523,    526  and  552). 

Activity  Indices     (1974-1976E) 

Growth  (10  year  base)       55.4%  Corporate  Owned  8.7% 

Foreign  Share  78. 3%  Government  Owned        0.  0% 

Recent  Activity 

Recent  patent  activity  focuses  on:  cultivator  tong  mounts  which  allow  for  resilient  de- 
flection upon  impacting  with  hard  earth  structures;  versatile  tractor  power  systems  which 
also  drive  the  cultivating  elements;  and  specific  cultivator  tool  shapes  which  provide 
overlapping  earth  working.    Patents  issued  since  March  1974,   include: 

3,981,366  -  Soil  Cultivator  (Cornells  van  der  Lely  et  al)  -  Discloses  a  soil  cultivating 
harrow  with  a  support  for  a  group  of  rotors.  The  support  enables  the  entire  rotor  group 
to  be  vertically  adjustable  during  the  operation  of  the  harrow.  The  support  frame  consists 
of  four  spaced  apart,  square,  multilevel,  parallel  beams  extending  transversly  to  the 
direction  of  travel  of  the   harrow  and   connected  by  a   supporting  binding  plate. 

3,  978,  929  -  Roto  Tiller  With  Attachment  Therefor  (Clark,  The  Raymond  Lee  Organi- 
zation Inc.  )  -  Discloses  a  wheeled  attachment  arm  onto  which  a  rake,  blade  or  hoe  is 
mounted  for  connection  to  a  roto  tiller.  The  arm  is  threaded  latterally  into  the  tiller, 
a  hinged  bar  is  fastened  to  a  collar  fitted  on  the  arm,  and  a  wheeled  shield  is  fastened 
to  the  hinged  bar.  A  vertical  arm  is  fastened  under  the  shield,  to  the  hinged  bar,  to 
support  the  desired  clearing  tool. 

3,  971,445  -  Cultivators  (Cornells  van  der  Lely)  -  Discloses  a  tractor  towed  cultivator 
having  a  power  takeoff  branch  shaft  connected  to  the  meshed  pinion  driving  gears  of  the 
tractor  in  order  to  drive  a  row  of  twelve  tines.  The  tines  are  mounted  on  separate 
rotary  shafts  connected  at  one  end  to  a  drive  pinion  gear  and  at  the  other  end  to  the 
driving  shaft.  It  is  asserted  that  the  power  takeoff  system  improves  maneuvering  during 
cultivation  operations  and  reduces  stress  on  the  cultivator  lift  during  inoperative  trans- 
port. 

3,  949,  813  -  Soil  Cultivators  (Cornells  van  der  Lely)  -  Discloses  a  cultivator  with  a  hor- 
izontal frame  for  supporting  rotary  power  driven  soil  tillers.  Each  tiller  has  four 
tines  arranged  in  a  cruciform  relationship  so  that  the  area  of  soil  cultivated  is  over- 
lapped by  adjacent  tillers.  A  tine  trailing  soil  compressing  roller  is  adjustably  pivoted 
to  the  support  frame  by  extending  arms  which  control  the  working  depths  of  the  tines  and 
the  amount  of  weight  borne  by  the  roller. 

3,  944,  000  -  Rotary  Harrows  (Ary  van  der  Lely  et  al)  -  Discloses  a  rotary  harrow  having 
a  frame  extending  transversly  to  the  direction  of  operative  travel  of  the  harrow,  plural 
rotors  supported  by  the  frame,  and  a  detachable  couple  for  connection  to  a  tractor  lifting 
hitch.  By  releasing  the  couple  and  reversing  its  position,  and  turning  the  gear  box 
to  which  the  couple  is  connected  through  180°  around  the  axis  of  an  extension  shaft, 
the   harrow  can  be  connected  to  either  the  front  or  the  rear  of  the  driving  tractor. 

3,  807,  506  -  Cultivating  Assembly  (Penley)  -  Discloses  a  garden  cultivator  consisting  of 
a  roto  tiller  with  discs  or  plows  adjustably  connected  to  triangular  supporting  frames 
which  are  horizontally  mounted  to  both  sides  of  the  tiller.  The  discs  and  plows  are 
mounted  rearward  of  the  tiller  tines  and  are  angularly,  vertically  and  horizontally  ad- 
justable. The  depth  of  cultivation  is  controlled  by  adjustment  of  the  drag  bar  mounted 
at  the  rear  of  the  tiller. 

3,  797,  579  -  Mowing -Implement  Control-Guard  System  (Bilger)  -  Discloses  handlebar 
mounted  guards  for  throttle,  brake  or  clutch  controls  on  hand  directed  tractors  and 
tillers.  Each  handlebar  has  an  inclined,  pushrod  mounted,  deflector  fin  which  overhangs 
and  maintains  a  spaced  relationship  to  the  operative  movement  of  the  control  lever.  It  is 
asserted  that  the  guard  operates  to  shunt  away  resilient  obstacles  from  motor  or  brake 
controls  and  thus  increase  operator  safety. 
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HEATING  AND  FLEXING  OF  MOVING  MATERIALS 

Apparatus  in  which  longitudinally  moving  sheets,  webs  or  strands  are  flexed  over  an 
internally  heated  roll.  The  roll  heat  treats  the  moving  material  to  which  it  is  contigu- 
ous. The  devices  found  here  are  almost  exclusively  rolls  and  drums  providing  toner 
fusion  adhesion  to  moving  copy  paper  in  either  electrostatographor  electrophotographic 
duplicator  systems.      (Class  432,    subclasses  60  and  228). 

Activity  Indices  (1974-1976E) 

Growth  (10  year  base)      72.6%  Corporate  Owned         100.0% 

Foreign  Share  25. 7%  Government  Owned  0.  0% 

Recent  Activity 

Recent  patent  activity  focuses  on  fuser  roll  shape  and  compression  control  suitable  for 
use  in  xerographic  copiers.  The  fuser  rolls  are  designed  to  provide  even  heating, 
minimum  paper  distortion,  and  a  rapid  feedthrough  rate.  Patents  issued  since  May 
1975,    include: 

3,  999,  038  -  Flared  Fuser  Roll  (Sikes  et  al,  Xerox  Corporation)  -  Discloses  a  flared 
fuser  roll  for  a  high  speed  copier /duplicator  capable  of  simplex  and  duplex  operation. 
The  copy  processor  contains  a  first  heated  roll  for  fusing  toner  images  onto  paper 
and  a  second  heated  roll  of  metal  coated  with  polytetrafluoroethylene,  axially  parallel 
with  the  first  roll,  defining  a  nip  through  which  the  paper  bearing  toner  images  are 
passed.  The  second  roll  has  a  longitudinal  cross -sectional  shape  with  a  maximum 
diameter  at  the  ends  and  a  minimum  diameter  at  the  center.  It  is  asserted  that  this 
roll  system  minimized  copy  sheet  wrinkle  in  duplicators. 

3,  998,  584  -  Electrophotographic  Fusing  Apparatus  (Wada  et  al,  Minolta  Camera  Kabu- 
shiki  Kaisha)  -  Discloses  a  electrophotographic  copier  in  which  a  toner  powder  image 
is  fused  on  a  support  sheet  by  application  of  heat  and  pressure  by  a  heat  roll  onto  a 
sheet  support  roll.  The  rolls  are  pressed  together  while  the  support  sheetpasses  there- 
between and  the  rolls  are  separated  when  the  support  sheet  is  otherwise  disposed.  A 
driving  mechanism  drives  both  rolls  when  they  are  not  in  mutual  contact,  while  one  of 
the  rolls  drives  the  other  when  they  are  in  pressure  contact.  Shifting  liners,  actuated 
by  a  sheet  detector,    move  the  rolls  in  and  out  of  contact. 

3,  957,423  -  Stripper  Finger  Design  (Mueller,  Xerox  Corporation)  -  Discloses  xero- 
graphic copier  with  plural  stripper  fingers  of  aromatic  polyester  for  removing  copy 
paper  from  a  heated  fuser  roll.  The  stripper  fingers  are  pivotally  mounted  at  points 
intermediate  the  fuser  rolls  and  the  area  of  the  stripper  contacted  by  the  copy  paper, 
thereby  minimizing  the  force  of  the  fingers  on  the  fuser  roll.  Ebonol,  Amoco  A-l-1124 
and  vespel  are  aromatic  polyesters  asserted  to  be  suitable  for  the  stripper  fingers. 

3,  955,  916  -  Fuser  Roll  Sheet  Stripping  Apparatus  (Bar-on,  Xerox  Corporation)  -  Dis- 
closes an  electrostatographic  printer  with  a  support  sheet  stripper  for  separating  sheets 
having  a  toner  powder  image  from  a  heated  fuser.  A  rectangular  stainless  steel  blade 
is  forwardly  biased  by  leaf  springs  into  contact  with  the  fuser  in  order  to  interpose 
between  the  fuser  and  support  sheet,    separating  the  sheet  from  the  fuser. 

3,941,558  -  Contact -Heating  Fixing  Device  For  Electrophotography  (Takiguchi,  Rank 
Xerox  Ltd.  )  -  Discloses  a  compression  roll  contact  heater  for  fixing  toner  images  in 
an  electrophotographic  copier.  The  heat  fixer  contains  a  felt  cleaning  web  impregnated 
with  silicone  oil  and  a  feeding  roll  for  moving  the  web  in  compressive  contact  with  an 
aluminum  heated  roll.  It  is  asserted  that  a  50  cm.  cleaning  web  as  described  can 
serve  for  production  of  50,  000  copies. 

3,  893,  800  -  Backside  Heating  and  Fixing  Apparatus  In  An  Electronic  Photograph 
Duplicator  (Wako,  Rank  Xerox,  Ltd.  )  -  Discloses  an  electrophotographic  contact  fuser 
for  fixing  powder  images  to  a  paper  substrate.  The  paper  is  electrostatically  tacked 
by  corona  discharge  to  a  heated  roll  contact  fuser.  Subsequent  to  the  paper  tacking 
a  corotron  is  discharged  to  provide  attracting  electric  charges  between  the  paper  and 
the  paper  guide.  It  is  asserted  that  the  coratron  discharge  prevents  trail  end  flip  up 
of  the  copier  paper, 

3,  884,  623  -  Xerographic  Fuser  Roller  (Slack,  Van  Dyke  Research  Corporation)  -  Dis- 
closes a  dual  roller  systemfor  fusing  dry  toner  to  paper  sheets  in  a  xerographic  copier. 
The  heated  fuser  roller  is  composed  of  polytetrafluoroethylene  coated  heat  conductive 
metals  and  has  a  diameter  linearly  and  symmetrically  (with  respect  to  its  center) 
tapered  along  the  axis  from  a  maximum  at  each  end  to  a  minimum  at  the  center. 
The  pressure  roller  has  a  steel  core,  an  inner  sheath  of  silicone  rubber  and  an  outer 
sheath  of  polytetrafluoroethylene.  It  is  asserted  that  by  passing  the  copy  paper  between 
these  rollers  the  tendency  of  the  paper  to  wrinkle  is  substantially  eliminated. 


53 


PATENT   ACTIVITY 

BY  PATENT  GRANT  DATE 
1967-1976E 


Paterae   4C 


TOTRL 

A A A 


U.S.  ORIGIN 
FOREIGN  ORIGIN 


Patents 

*:  - 

BY  APPLICATION  PILING  DATE 
1965-1973 

30- 

TOTAL 

/ 
/ 
/ 
/ 

20- 

A A a 

U.S.    ORIGIN 

l 

i 
i 

FOREIGN  ORIGIN 

1 
i 

,*v 

10- 

' 

J 

rr""'n 

k 

A 

mn       1   mm 

"IT'" 

^ 

• 
/ 

1    mm 

i 

1 

Vl 

/ 

| 

1 

1 

1965         66           67 

i 

68 

6 

9           70 

71           72 

73           74 

DISTRIBUTION   OP  PATENTS    IN  AREA   OP    INTEREST 


BY  PATENT  GRANT  DATE 


1967 

68 

69 

70 

71 

72 

73 

7<l 

75 

76E 

TOTAL 

67-76E 

TOTAL   PATENTS 

3 

2 

4 

3 

4 

8 

7 

15 

25 

31 

105 

UNITED   STATES 

2 

1 

3 

3 

3 

8 

5 

11 

22 

22 

80 

TOTAL   FOREIGN 

1 

1 

1 

1 

2 

4 

3 

12 

25 

JAPAN 

1 

3 

3 

8 

15 

GERMANY 

1 

2 

^ 

NETHERLANDS 

2 

2 

SWEDEN 

1 

1 

UNITED    KINGDOM 

1 

1 

INDIA 

1 

1 

FRANCE 

1 

1 

ITALY 

1 

1 

BY  PATENT  APPLICATION  FILING  DATE 

1965  66  67  68  69  70  71  72  73 

2^4326310623 

2322628117 

11  12     2     6 

1  2     1 


65-73 


SB 

-f 
I 


54 


POWER  PLANTS  WITH  CONTROLS 

Electrical  or  mechanical  power  generating  plants  which  contain  condition  responsive  con- 
trols of  plant  functions.  Electrical  power  plant  turbines  in  which  the  velocity  of  the 
turbine  is  controlled  in  response  to  load  condition  changes  are  typical  of  the  plants  found 
here.       (Class    60,    subclass    660   and   class    290,    subclasses  40A-40R) 

Activity  Indices   (1974  -  1976E) 

Growth  (10  year  base)      58.8%  Corporate  Owned         96.8% 

Foreign  Share  29.  8%  Government  Owned       0.  0% 

Recent  Activity 

Recent  patent  activity  focuses  on  computer  directed  control  systems  which  analyze  nu- 
clear power  plant  parameters  (e.  g.  ,  temperature,  pressure,  fluid  velocity)  in  order  to 
direct  corrective  control  measures.  The  objectives  of  plant  control  are  generally  in- 
creased personnel  safety  and  minimizing  of  plant  downtime.  Patents  issued  since  January 
1976,   include: 

3,  990,  244  -  Control  System  for  Steam  Flowrate  and  Steam  Pressure  (Kruger  et  al,  Fried- 
rich  Uhde  GmbH)  -  Discloses  a  system  for  providing  substantially  constant  steam  pressure 
in  the  medium  pressure  line  of  an  integrated  chemical  plant  when  failure  of  a  high  pressure 
steam  turbine  occurs.  A  quick  opening  control  valve  is  employed  between  the  high 
and  medium  pressure  steam  lines.  This  control  valve  operates  in  conjunction  with  two 
branch  line  change  over  valves  to  bypass  the  steam  turbine  and  provide  instantaneous 
change-over  of  the  flow  of  high  pressure  steam  into  the  medium  pressure  steam  without 
any  inadmissible  pressure  variation  in  the  medium  pressure  steam  system. 

3,971,219  -  Turbine  Control  System  (  Taylor  et  al,  General  Electric  Company)  -  Dis- 
closes a  control  system  for  an  extraction  type  steam  turbine  driven  by  a  steam  generator. 
Pressure  in  the  turbine  is  controlled  by  a  steam  inlet  valve  and  turbine  speed  controlled 
mainly  by  an  independently  operated  extraction  control  valve.  When  the  latter  is  com- 
pletely closed,  turbine  speed  can  be  regulated  by  the  steam  inlet  valve  until  normal 
conditions  are  restored. 

3,965,684  -  Device  for  Controlling  Speed  of  Turbine  (Nomura,  Hitachi,  Ltd.)  -  Dis- 
closes a  steam  turbine  speed  control  device  having  an  acceleration  control  for  starting 
the  turbine,  a  constant  speed  control  for  turbine  operation  and  a  selection  circuit  that 
determines  which  control  minimizes  the  opening  of  the  turbine  entrance  valve.  It  is 
asserted  that  optimal  acceleration  of  the  turbine  in  starting  operation  can  be  attained 
since  any  change  in  speed  regulation  only  changes  the  loop  gain  of  the  constant  speed 
control  system. 

3,956,897  -  Digital  Transfer  Control  System  for  Dual  Mode  Turbine  Operation  (Zitteli 
et  al,  Westinghouse  Electric  Corporation)  -  Discloses  a  digital  transfer  system  for  trans- 
ferring the  operation  of  the  control  valves  of  a  steam  turbine  between  a  single  and  a 
sequential  mode  of  operation.  In  the  single  mode  the  total  flow  demand  signal  is  applied 
to  all  the  valves  in  parallel;  in  the  sequential  mode  the  flow  demand  signal  is  applied 
to  all  the  valves  through  individual  function  generators.  A  frequency  modulated  switch 
applies  control  signals  with  increasing  frequency  during  the  first  portion  of  single- 
sequential  operation  transfer.  A  digital  up/down  counter,  clock  and  rate  multiplier  control 
the  direction  of  the  frequency  modulation.  The  period  of  transfer  can  be  adjusted,  stopped, 
or  reversed  between  modes. 

3,  949,  237  -  Power  Supply  System  for  Selectively  Propelling  a  Vehicle  and  for  Driving 
Equipment  on  Board  the  Vehicle  (Neuers,  Thomson  -  CSF)  -  Discloses  an  internal  com- 
bustion engine  having  two  fuel  feed  systems  -  one  supplies  high  output  energy  for  pro- 
pulsion of  a  vehicle  (e.  g.  tank);  the  other  provides  substantially  constant,  reduced  energy 
output  for  operation  of  on  board  equipment  (e.g.  radar  and  gun  turrets).  An  electro- 
magnetically  controlled  shut  off  valve  assembly  effects  mutually  exclusive  operation  of 
the   two   fuel   systems   by  closing  respective  engine  intake  conduits. 

3,  943,  371  -  Gas  Turbine  Power  Plant  Control  Apparatus  Including  Automatic  Load  Pickup 
(Yannone  et  al,  Westinghouse  Electric  Corporation)  -  Discloses  a  gas  turbine -generator 
power  plant  in  which  turbine  speed,  load,  and  loading  rate  are  regulated  by  a  modular 
hybrid  (pneumatic,  digital,  analog  or  combination  thereof)  control  system.  The  modu- 
lar concept  is  employed  to  obtain  reliability  by  multiplicity.  Each  control  loop  is  inde- 
pendent and  not  time  shared.  No  local  additional  control  system  is  necessary  since 
the  system  has  self-contained  back-up  controls. 

3,934,419  -  Load  Control  System  Especially  Adapted  for  a  HTGR  Power  Plant  Turbine 
(Aanstad,  Westinghouse  Electric  Corporation)  -  The  stages  of  a  turbine  system  are  inde- 
pendently controlled  to  produce  a  desired  system  power  output.  Adjustments  are  made 
by  comparing  power  characteristics  of  each  stage  to  the  desired  power  output.  Power 
flow  passing  through  bypass  lines  about  each  turbine  stage  is  varied  inversely  to  the 
variations  in  the  flow  through  the  turbine  stages. 
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SHAPED  MANIFOLDS  FOR  ENGINE  VALVES 

Air  or  fuel  intake  valves  of  an  internal  combustion  engine  which  have  an  intake  mani- 
fold shaped  to  accomodate  the  valves.  Typically  the  shaped  manifold -valve  structure  is 
utilized  in  multicylinder  diesel  or  gas  engines  to  facilitate  fuel  atomization  and  flow. 
(Class  123,    subclass  188M). 

Activity  Indices  (1974-1976E) 

Growth  (10  year  base)       56.  6%  Corporate  Owned         43.  3% 

Foreign  Share  83.  3%  Government  Owned       0.  0% 

Recent  Activity 

Recent  patent  activity  focuses  on  fluid  dynamic  manifold  and  inlet  valve  structures  which 
provide  a  turbulent  swirling  motion  to  the  cylinder  fuel  charge.  Much  of  this  work 
is  directed  to  mitigating  environmental  pollution  (e.g.  noxious  gases  and  noise)  through 
more   complete  fuel  combustion.     Patents  issued  since  January  1975,   include: 

3,945,363  -  Reciprocating  Piston  Internal  Combustion  Engine  With  Twist  Forming  Con- 
duit Means,  Especially  in  the  Intake  System  Thereof  (Elsbett  et  al)  -  Discloses  a 
curved  intake  gas  conduit  for  a  reciprocating  piston  internal  combustion  engine.  The 
conduit  has  a  helical  axis  within  the  cross  sectional  plane  passing  through  the  cylinder 
axis  and  is  eccentrically  located  with  regard  to  the  cylinder  head  valve  axis.  Adjacent 
and  contiguous  to  the  helical  section  is  an  S  shaped  area  having  one  end  on  the  cross - 
sectional  plane  of  the  passage.  The  end  of  the  helical  section  which  faces  the  cylinder 
leads  into  a  cylindrical  valve  opening  passage  which  opens  toward  the  cylinder. 

3,  933,  142  -  Internal  Combustion  Engine,  Particularly  a  Diesel  Engine  (List  et  al,  Hans 
List)  -  Discloses  a  diesel  type  internal  combustion  engine  having  cylinder  inlet  valves 
concentrically  spaced  in  relation  to  the  cylinder  axis  and  connected  to  spiral  inlet  ducts. 
The  inlet  ducts  have  downwardly  facing  bulges  located  at  the  point  of  transition  between 
the  fuel  delivery  segments  and  the  spiral  shaped  duct  so  that  the  cross  sectional  area 
of  the  ducts  is  reduced.  It  is  asserted  that  this  structure  provides  vigorous  turbulence 
of  the  cylinder  charge  and  concomitantly,   more  complete  fuel  combustion. 

3,  884,  209  -  Inlet  Port  For  Internal  Combustion  Engines  (List  et  al,  Hans  List)  - 
Discloses  a  diesel  engine  cylinder  head  having  an  inlet  valve  with  valve  stem,  a  valve 
seat,  and  an  inlet  duct  with  a  feed  section  which  extends  from  the  cylinder  opening  to  the 
chamber  in  the  inlet  duct  adjacent  the  inlet  valve.  The  chamber  contains  a  rib  which 
extends  in  the  direction  of  the  valve  stem  and  protrudes  into  the  feed  section  of  the  inlet 
valve  so  as  to  divide  the  cross  section  of  the  inlet  duct  into  two  parts.  It  is  asserted 
that  the  dual  air  currents  entering  the  duct  sections  interreact  hydrodynamically  to 
produce  rotational  flow  and  turbulence. 

3,878,825  -  Swirl  Inducing  Poppet  Valve  (Klomp,  General  Motor  Corporation)  -  Dis- 
closes a  poppet  valve  intake  port  for  an  internal  combustion  engine  which  has  a  cylinder 
head  with  an  induction  passage  terminating  at  an  annular  bevelled  valve  seat.  The  stem 
of  the  poppet  valve  is  skewed  at  an  angle  less  than  90°  from  the  normal  plane  of 
the  valve  face.  The  valve  motion  upon  reciprocal  actuation  of  the  stem  will  move  the 
valve  head,  simultaneously,  both  vertically  and  horizontally  relative  to  the  valve  seat 
thereby  providing  more  flow  area  on  one  side  of  the  inlet  part  than  on  the  other.  It 
is  asserted  that  the  flow  imbalance  will  effect  a  swirling  motion  in  the  induction  fluid 
as  it  moves  into  the  combustion  chamber. 

3,  868,  940  Inlet  Port  For  Internal  Combustion  Engines,  In  Particular  For  Diesel  Engines 
(Kirchweger)  -  Discloses  a  diesel  engine  spiral  inlet  port  having  a  rotatable  vane-like 
rib  mounted  on  valve  guide  bearings.  The  rib  consists  of  an  airfoil  shaped  sheet 
metal  blade  curved  in  the  direction  of  the  winding  of  the  spiral  shaped  section  of  the 
inlet  duct,  dividing  the  duct  into  separate  sections.  It  is  asserted  that  the  design 
of  the  rib  subdividing  the  annular  inlet  port  in  conjunction  with  the  spiral  shape  of  the  port 
produces  a  high  degree  of  turbulence  and  rotation  while  maintaining  a  low  fluid  flow 
resistance. 

3,861,375  -  Cylinder  Head  For  A  Diesel  Engine  (Excaffon,  Automobiles  M.  Berliet) 
-  Discloses  a  cylinder  head  for  a  multi- cylinder  diesel  engine  having  two  axially  spaced 
inlet  valves  and  two  axially  spaced  exhaust  valves  for  each  cylinder.  The  head  covers 
adjoining  cylinders  and  contains  bores  for  the  stems  of  inlet  and  exhaust  valves.  The 
inlet  conduit  contains  a  longitudinal  partition  for  separating  the  inlet  valve  into  two  smaller 
conduits,  each  of  the  smaller  conduits  opening  to  a  different  cylinder  inlet  valve.  The 
exhaust  conduit  is  curved  inwardly  toward  the  axis  of  the  cylinder  and  leads  to  the 
exhaust  valve  nearest  the  side  face  of  the  cylinder  head  at  which  the  exhaust  conduit 
opens. 
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VELOCIPEDE  LOCKING  SUPPORTS 

Racks  and  stands  which  operate  in  conjunction  with  locks  to  support  and  secure  velo- 
cipede (cycle)  type  vehicles.     (Class  211,    subclass  5,    class  70,    subclass  233-235). 

Activity  Indices   (1974  -  1976E) 

Growth  (10  year  base)       84.1%  Corporate  Owned         26.4% 

Foreign  Share  0.  0%  Government  Owned       0.  0% 

Recent  Activity 

Recent     developments      are      directed      towards      providing  (1 )  portable  and  lightweight 

locking   racks   which    secure    the    frame   and  both  wheels    of  bicycles   and   (2)   elongated 

bar  shaped  locking  elements  which  are  not  as  susceptible  to  bolt  cutters  as  are  chains. 
Patents  issued  since  October  1975,   include: 

3,  970,  197  -  Rack  and  Bicycle  Locking  Unit  (Bale)  -  Discloses  a  bicycle  locking  device 
composed  of  a  lock  box  containing  an  L  or  U  shaped  locking  bar  and  an  arm  with  an  ex- 
tending shaft  mounted  on  a  pedestal.  The  locking  bar  secures  the  bicycle  frame  and  front 
wheel  while  the  arm  and  shaft  secure  the  rear  wheel  of  the  bicycle. 

3,  970,  196    -    Method   and   Apparatus   for   Securing  a    Bicycle   on  a   Bicycle    Rack  (Legge) 

-  Discloses  a  method  and  apparatus  for  securing  a  bicycle  to  an  existing  car  rack. 
The  apparatus  consists  of  a  security  strap  and  locking  device  (e.  g.  ,  padlock).  The  strap 
is  placed  over  the  bicycle  frames  and  the  racks  horizontal  mounting  bar  so  that  a 
lock  inserted  through  the  retainer  secures  the  cycles  to  the  rack. 

3,  964,  611  -  Bicycle  Rack  (Galen  et  al)  -  Discloses  a  bicycle  rack  having  a  base  section 
with  a  channel  for  containing  both  bicycle  wheels.  A  pivotal  clamp  is  provided  for  secur- 
ing the  cycle  frame  to  a  support.  A  wheel  lock  is  used  to  clamp  the  front  and  rear 
wheels  in  the  base  channel. 

3,  964,  610  -  Locking  Bicycle  Rack  (Deiner)  -  Discloses  a  stall  type  bicycle  rack  having 
two  side  walls  firmly  attached  to  a  secured  base  and  a  locking  bar  which  is  lowered 
against  the  frame  of  the  bicycle  so  as  to  hold  it  firmly  to  the  ground.  The  locking 
rack  can  be  coin  operable. 

3,  944,  079    -    Clampable    Bicycle   Stand  (Boslough,    The  Raymond  Lee  Organization,   Inc.  ) 

-  Discloses  a  bicycle  stand  composed  of  a  verticle  bar  secured  to  the  ground,  a  pivotal 
arm  attached  to  the  bar,  parallel  plates  welded  to  each  side  of  the  arm  and  a  U-shaped 
bracket  hinged  to  one  plate.  The  bicycle  is  secured  by  fitting  the  bracket  about  the 
bicycle  frame  and  into  a  slot  in  the  plate. 

3,  942,  646  -  Bicycle  Stand  (Nelson  et  al,  A.  Teichert  &  Son,  Inc.  )  -  Discloses  a 
concrete  block  bicycle  stand  having  a  longitudinal  wheel  slot  and  a  locking  chain  channel. 
The  channel  is  lined  with  PVC  pipe  to  facilitate  insertion  of  the  chain  into  the  concrete 
block.  The  bicycle  is  secured  by  binding  the  cycle  frame  and  both  wheels  to  the  concrete 
block  with  the  chain. 

3,  934,  43  6  -  Standard  for  Parking  and  Locking  a  Bicycle  (Candlin  et  al)  -  A  bicycle  rack 
composed  of  a  vertical  tubular  post  which  contains  a  clamp  to  hold  the  bicycle  frame  up- 
right and  a  wire  rope  which  is  extendable  from  the  post,  and  threaded  through  the  wheels 
of  the  cycle.  The  clamp  and  wire  rope  are  locked  together  by  a  padlock  to  secure  the 
bicycle  from  theft.     The  locking  rack  is  asserted  to  be  coin  operable. 

3,920,126  -  Lockable  Bicycle  Rack  (Candlin)  -  Discloses  a  rack  composed  of  a  pair 
of  anchored  vertical  bars  which  support  a  wheel  of  the  cycle,  a  pivoted  cycle  frame  or 
cross  bar  locking  arm,  and  a  cable  attached  to  the  arm  and  interwoven  through  the  wheels 
and  frame  in  order  to  secure  the  bicycle  from  theft. 

3,910,081  -  Locking  Means  for  Bicycles  and  the  Like  (Pender)  -  A  hollow  flexible 
tether  locking  cable  is  contained  with  a  casing  which  is  mounted  on  a  bicycle  frame. 
The  tether  cable  is  wound  around  or  through  an  adjacent  anchoring  structure  to  secure 
the  cycle.  An  internal  key  lock  controlled  latch  retracter  facilitates  removal,  locking 
and  return  of  the  tether  cable. 

3,  910,  080  -  Bicycle  Hitch  Lock  (Dorsey)  -  Discloses  a  hitch  assembly  designed  to  use  a 
chain  and  lock  for  securing  a  bicycle.  The  hitch  is  a  capped  post,  having  horizontally 
swinging  loops  terminally  interlocked  to  the  post,  and  spaced  mounting  rings  which 
support  the  loops.  A  chain  is  wound  through  the  loops  and  around  the  cycle  frame  in 
order  to  secure  the  cycle  to  the  post. 
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BOREHOLE  TELEMETRY* 

This  technology  is  directed  to  the  transmission  of  downwell  measurements 
of  ambient  strata  characteristics**  (e.g.,  permeability,  density,  inter- 
face positions,  etc.)  or  drilling  parameters  (e.g.,  drill  bit  temperature 
and  pressure)  to  the  earth's  surface.  Borehole  telemetry  systems  are 
typically  operated  in  concurrence  with  well  drilling  operations. 

Early  borehole  telemetry  techniques  for  well  logging  involved  withdrawl 
of  the  drill  string  (drilling  bit  and  pipes)  from  the  borehole  and  insertion 
of  logging  instrumentation  on  a  cable  into  the  borehole  for  the  taking 
of  downhole  measurements.  The  time  and  expense  of  withdrawing  the 
drill  string  was  eliminated  by  placing  measuring  equipment  near  the  drill 
bit,  and  transmitting  the  measurement  data  to  the  earth's  surface  through 
various  transmission  mediums.  Different  solutions  to  the  telemetry 
problems  evolved  into  the  present  acousto-electrical  technology  which 
permits  various    modes  of  signal  transmission. 

Interest  in  new  drilling  techniques  including  borehole  telemetry  has  height- 
ened with  the  energy  shortage.  This  increased  technological  activity  is 
reflected  in  the  patent  activity  of  this  technology. 

The  high  patent  growth  in  this  area  is  illustrated  in  the  graphs  on  the 
following  page  by  both  patent  grant  date  and  application  filing  date.  In 
this  area,  it  is  estimated  that  60%  of  all  patenting  in  the  last  decade 
has  occurred  in   the  most   recent  three  year  period,    1974-76  (estimated). 

Since  1974,  the  foreign  contribution  to  this  technology's  growth  has 
amounted  to  about  2.  6%  of  all  patents  issued,  significantly  less  than  the 
all  technology  foreign  share  average  of  35.4%  for  the  same  period.  The 
distribution  of  patents  in  this  technology  by  country  of  origin  is  shown 
in  the   table  following  the  graphs. 

Thrust  of  the  Technology 

Boreholes  today  often  extend  3  to  4  miles  into  the  earth  and  conditions 
(e.g.,  temperature  and  pressure)  at  such  depths,  as  well  as  distance, 
mitigate  against  effective  transmission  to  the  earth's  surface  of  signals 
representative  of  downhole  data.  One  technique  that  has  been  developed 
uses  a  hard  wired  transmission  channel  in  a  drill  string  to  which  nu- 
merous jointed  sections  of  pipe  are  continuously  added  to  form  a  contin- 
uous conductive  line.  This,  however,  proved  unreliable  and  expensive 
due  to  the  number  of  special  coupling  connections  required  at  the  pipe 
joints  and  the  unique  nature  of  the  drill  sections.  It  thus  became 
necessary  to  develope  alternatives  to  direct  hard  wire  links  in  well  trans- 
mission. 


*     The  technology  review  in  this  report  is  classified  in  U.  S.    Patent  Classi- 
fication System  Class  340,    subclasses  18LD  and  18NC. 
**    The  taking  of  such  measurements  is  known  as  well  logging. 
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One  of  the  borehole  communication  techniques  developed  as  early  as  the 
1930's  was  electromagnetic  signalling.  This  mode  of  wellbore  communi- 
cation uses  the  earth  which  surrounds  the  well  as  a  conductor.  The  fre- 
quency of  induced  electrical  potential  fields  is  a  function  of  a  downhole  data 
parameter,  such  as  temperature,  pressure,  or  rotational  velocity 
(1,  2).  *  The  frequency  varied  field  is  detected  utilizing  two  electrodes 
implanted  in  the  earth's  surface.  Later  techniques  utilized  the  drill  string 
or  well  casing  as  a  common  conductor,  with  implantation  of  a  single  addi- 
tional electrode  in  the  adjacent  earth  surface  (3,4,5).  With  the  develop- 
ment of  more  sophisticated  coding  techniques,  more  information  was 
trans  mi ttable  (6,  7). 

Current  research  in  this  area  of  borehole  transmission  includes  the  use 
of  propagated  electromagnetic  waves  of  low  frequency  to  establish  the 
communication  link,  and  utilizes  antenna  coupling  of  the  signal  to  the 
earth  (8).  Electromagnetic  signalling  for  above  surface  control  of  subsur- 
face instrumentation  has  been  developed  (9,  10). 

Electromagnetic  wave  type  borehole  signal  transmission  apparatus  has 
been  developed  in  which  RF  waves  are  propagated  along  the  well  tubing, 
employing  the  tubing  as  a  waveguide.  Antennas  provided  at  the  earth's 
surface  are  designed  to  receive  the  coded  signals  (11,12).  In  addition 
fiber  optic  waveguide  links  have  been  developed  to  provide  improved  well- 
bore  communications  (12). 

While  steps  have  been  taken  in  hard  wire  systems  to  overcome  the  latent 
disadvantages  of  unreliable  connections  between  sections  of  a  drill  pipe 
(13,  14),  the  emphasis  appears  to  be  on  alternative  modes  of  energy  coupling 
between  the  sections  added  to  a  drill  string.  Inductive  coupling  utilizing 
adjacent  coils  at  the  connections  between  the  drill  string  joints  is  a  widely 
known  technique  (15)  which  has  been  improved  upon  by  the  inclusion  of 
amplifiers  within  the  pipe  sections.  These  amplifier  sections  operate 
as  repeaters  and  compensate  for  attenuation  (16,  1  7).  It  has  been  proposed 
to  alternate  the  modes  of  transmission  in  the  repeaters  between  the  coupled 
sections  (i.  e.  ,  magnetic  flux  to  current,  to  frequency)  to  avoid  signal 
interference  between  the  directly  propagated  signals  and  the  signals 
passing  through  the  repeater,  which  may  be  inherently  delayed  along 
adjacent  drill  sections  (18).  A  recent  system  provides  for  electro- 
magnetic coupling  between  adjacent  drill  sections  by  placement  of  over- 
lapping antennas  extending  within  the  tubing  sections  (19). 

Another  mode  of  uphol^signal  transmission  consists  of  modulation  of  the 
drilling  mud  pressure  (20,21).  In  the  drilling  process,  mud  is  con- 
stantly pumped  down  the  drill  string  and  returned  upwardly  between  the 
borehole  sides  and  the  outer  drill  string  surface,  changing  direction  at 
the  bottom  through  openings  about  the  bit;  the  purpose  of  the  mud  is  the 
removal  of  waste   borings    and   the    cooling   of  the   drill  bit. 


*    Numbers  in  parenthesis  refer  to  patents  listed  in  the  Bibliography. 
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To  create  a  signal  by  modulating  the  pressure  in  this  mud,  a  variable 
restriction  is  placed  in  its  flow  path  so  as  to  regulate  mud  flow  pressure 
in  accordance  witha  coded  signal  which  represents  the  measured  downhole 
parameter  to  be  transmitted.  An  uphole  pressure  transducer  in  the  mud 
flow  line  senses  these  pressure  variations,  and  converts  them  to  elec- 
trically coded   signals  representative  of  the  sensed  downhole  information. 

Extensive  research  and  development  of  this  technique  has  been  performed 
by  several  companies  in  the  1970's.  Two  forms  of  this  basic  technique 
have  emerged:  (a)  the  mud  siren,  in  which  a  rotating  slotted  plate  with 
openings  at  circumferential  intervals  is  placed  parallel  to  a  fixed  slotted 
plate  with  openings  in  similar  spaced  relation,  the  assembly  being  placed 
in  the  path  of  the  mud  fluid  (23-26);  and  (b)  a  system  in  which  a  valve 
is  axially  and  reciprocatingly  mo .  .  i  to  vary  the  opening  in  the  fluid  path 
and  concomitantly  create  fluid  pressure  pulses  (29-35).  In  a  mud  siren 
type  system  the  speed  of  rotation  (22-24)  and/or  the  relative  phase  (25,  26) 
between  the  rotating  plates  is  varied  in  accordance  with  the  coded  signal. 

At  the  surface,  problems  of  signal  "noise"  from  the  drilling  process  must 
be  overcome  in  order  to  detect  the  pressure  modulation  signals;  accord- 
ingly, signal  rectification  and  phase  correction  methods  were  invented 
(27,  28).  Although  the  basic  data  rate  of  the  mud  pulse  systems  is  lower 
than  is  achievable  in  other  systems,  there  has  been  considerable  activity 
in  the  multiplexing  of  plural  downhole  parameters  to  be  coded  and  trans- 
mitted over  a  mud  pulse  link  (37,38). 

An  additional  mode  of  bore  hole  signalling  is  the  production  of  acoustic 
pulses  in  the  drill  string.  The  acoustic  pulses  are  representative  of  down- 
hole  parameters  (39-42),  and  are  produced  in  the  drill  string  or  applied 
by  a  vibration  transducer  to  the  drill  string.  The  pulses  are  detected 
uphole  and  processed.  An  alternative  system  produces  signal  pulses  by 
dropping  a  drill  section  against  a  stop  member  during  a  lull  in  drilling 
(42). 

Other  systems  produce  particular  types  of  waves  to  be  propagated  through 
the  drill  string,  more  particularly  longitudinal  and  torque  pulses  (44). 
shear  waves  (45),  and  zero  order  torsional  waves  (46,  47).  These  wave 
modes  are  modulated  with  the  coded  signals  prior  to  application  to  the 
drill  string;  the  various  types  of  waves  have  differing  transmission  char- 
acteristics as  regards  signal  attenuation,  velocity  and  isolation  from 
noise. 

Another  technique  modulates  the  drill  string  noise  with  the  information 
coded  signal  (48).  Yet,  another  system  provides  acoustic  well  string  trans - 
mission  by  employing  signal  repeaters  whichallow  bidirectional  communi- 
cation and  are  non-interfering  through  the  shifting  of  carrier  fre- 
quencies  (49). 
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Miscellaneous  developments  of  interest  include:  the  use  of  a  conductive 
well  bore  fluid  in  an  insulated  pipe  string  as  one  conductor  for  signal 
transmission,  with  the  pipe  serving  as  the  other  ground  conductor  (50); 
the  modulation  of  the  power  factor  on  a  borehole  power  cable  in  order 
to  transmit  multiplexed  data  (51);  and  the  use  of  an  insulated  strain  cable 
to   provide  one  conductor  while  the  borehole  casing  provides  the  other  (52). 

Future   Trends 

The  continued  increasing  importance  of  oil  and  gas  as  energy  sources 
and  their  decreasing  natural  supplies,  have  mandated  a  continuing  effort 
to  develop  improved  and  reliable  telemetry  systems  which  can  lower 
production  costs  and  attendantly  decrease  the  time  factor  for  logging- 
while- drilling.  In  this  regard,  future  systems  are  likely  to  incorporate 
more  integrated  circuit  and  optical  technology  for  signal  transmission 
and  processing  over  short  distances,  while  using  acoustic  waves  with 
appropriate   transducers  and   signal  analyzers   for   long  range   telemetry. 
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CARDIAC  STIMULATORS* 


Introduction 

Cardiac  stimulators  are  electrical  pulse  generators  of  which  there  are  two 
types  -  pacemakers  and  defibrillators.  Pacemakers  are  long-term,  low 
power  devices  that  regulate  the  rate  of  heartbeat.  They  generally  consist 
of  an  energy  source,  automatic  pulse  generator  and  electrodes  for  convey- 
ing these  pulses  to  the  heart.  Defibrillators,  on  the  other  hand,  are 
relatively  high  power  pulsers  which  are  employed  only  in  emergency  situa- 
tions to  stop  fluttering,  fibrillation  or  other  undesirable  heart  action.  De- 
fibrillators are  normally  manually  operated  and  consist  of  a  pulse  genera- 
tor and  electrodes  for  conveying  the  high  pulse  voltage  to  the  heart.  The 
electrode  maybe  externally  applied  to  the  chest  wall  or  inserted  in  catheter 
form  through  a  blood  vessel  to  the  heart. 

The  rapid  growth  in  this  area  of  technology  began  in  the  period  between 
1967  and  1968,  and  has  continued  to  the  present.  About  52%  of  the  patenting 
over  the  last  ten  years  occurred  in  the  most  recent  three  year  period, 
1974-1976  estimated.  The  graphs  on  the  following  page  illustrate  this  growth 
by  both  patent  grant  date  and  application  filing  date  of  the  patents  issued 
since  January  of  1967. 

In  terms  of  the  number  of  patents,  the  U.  S.  is  the  leader  in  this  technology. 
Over  the  most  recent  three  year  period  (1974-1976  estimated)  only  20.8% 
of  all  patents  in  this  area  were  granted  to  foreign  residents.  This  is  just 
over  half  the  all  technology  foreign  share  average  of  about  35.4%  for  the 
same  period.  The  country  table  which  follows  the  graphs  (next  page)  shows, 
both  by  patent  grant  date  and  by  patent  application  date,  the  country  distri- 
bution of  the   patents    in   this   field   that  were    granted  to   foreign  residents. 


Development  Of  The  Technology 


Pacemakers 


The  discovery  of  solid  state  electronics  and  materials  which  do  not  ad- 
versely react  to  the  body  environment  have  promoted  the  rapid  develop- 
ment of  this  technology.  Developing  from  the  early  single  rate  pacemakers 
(1)**,  adjustable  rate  pacemakers  (2)  and  even  programmable  pacemakers 
are  now  available.  The  pacemakers  may  be  set  externally  of  the  body  to 
parameters  which  suit  individual  heart  requirements  (3).  Signal  rate  opera- 
tion which  produces  stimulation  pulses  can  now  be  automatically  controlled 
in  response  to  a  heart's  immediate  requirements   (4,    5,    6). 


*    The  technology  review  in   this  report   is  mainly  classified  in  U.S.    Patent 
Classification  System  Class  128,    Subclasses  419P,    419PG.    419PS.    419PT. 
419D. 


** 


Numbers    in  parenthesis    refer    to   patents     listed    in    the    Bibliography 
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Improved  conductors  and  electrodes  for  carrying  the  stimulating  pulses 
to  the  desired  location  on  or  in  the  heart  have  been  developed  (7,  8,  9). 

Multifarious  power  sources  have  been  invented  in  response  to  the  increased 
complexity  of  the  electric  circuits.  Thermoelectric  (10)  and  solid-state 
power  sources  (11)  are  now  available  as  alternatives  to  common  chemical 
batteries.  Electrochemical  cells  fueled  by  the  body  (12,  13),  as  well  as 
electromechanical  sources  powered  by  body  movement  (14)  have  been  pro- 
posed. 

Rechargeable  batteries  (15)  and  multiple  source  configurations  (16)  are  novel 
methods  utilized  to  extend  the  operating  life  of  the  pacemaker  power  source. 

As  the  number   of  pacemakers    in  use   has    increased,     so   has    the   need  for 
monitoring  their  effectiveness  in  order  to  reduce  the  risk  of  sudden  failure. 
Pacemaker  monitoring      circuitry,    built-in  (17)  and  external  (18),    has  been 
developed. 

Defibrillators 

Defibrillators  producing  one  or  more,  high  energy  AC  (19)  or  DC  (20) 
current  pulses  are  connected  to  electrodes  which  are  applied  to  the  patient's 
chest  (21 ). 

For  patients  with  chronic  susceptability  to  life -threatening  arrhythmias, 
implantable  devices  have  been  developed  (22,    13). 

The  widespread  use  of  cardiac  emergency  vehicles  has  produced  a  demand 
for  portable  defibrillator  units  which  would  enable  early  treatment  to  be 
brought  to  the  patient  (24). 

Recent  Developments 

Pacemakers  (128/419P) 

3,  974,  834  (Kane;  Medtronics,  Inc.  )  -  Discloses  an  intravascular  electrode 
having  a  helical  wire  with  a  sharp  tip  at  its  front  end  for  anchoring  the 
electrode  into  the  heart  by  rotational  motion. 

3,  976,  082  (Schmitt)  -  Discloses  an  intracardial  pacemaker  stimulation 
electrode  which  is  anchored  by  a  plurality  of  bristles  extending  from  an 
outer  non- conductive  sleeve. 

3,977,411  (Hughes  Jr.  et  al;  Research  Corporation)  -  Discloses  a  pace- 
maker electrode  catheter  which  has  a  small  stimulating  electrode  for  high 
current  density  and  large  sensing  electrode  for  high  sensitivity  in  detecting 
cardiac  activity. 

3,  978,  865  (Trabucco)  -  Discloses  an  epicardial  electrode  having  a  single 
swivelable  hook  mounted  on  a  pad  for  sutureless  anchoring  in  the  heart. 
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3,981,309  (Cannon;  Americal  Optical  Corporation)-  Discloses  a  pacemaker 
electrode  composed  of  a  sintered  metal  powder  having  a  porous  surface. 
The  electrode  has  a  large  surface  area  in  order  to  reduce  tissue  interface 
polarization  losses. 

3,  987,  799  (Purdy  etal;  Coratomics  Inc.  )  -  Discloses  an  ovaloid  pacemaker 
casing  for  a  more  cosmetic  and  comfortable  implantation. 

3,  994,  302  (Brennen;  Medtronics,  Inc.  )  -  Discloses  an  ion  exchange  ma- 
terial which  forms  a  flexible,  low  current  drain,  biocompatible  pace- 
maker electrode. 

3,  999,  555  (Person;  Medtronics,  Inc.  )  -  Discloses  a  pacemaker  electrode 
with  a  split  ring  anchor  which  is  designed  to  be  pinched  into  the  surface  of 
a  heart. 

4,  006,  748  (Schulman;  Pacesetter  Systems,  Inc.  )  -  Discloses  an  indifferent 
or  case  electrode  formed  as  a  slotted  plate  to  reduce  susceptability  to  am- 
bient interfering  R.  F.    fields. 

Pulse  Generating  Circuits  (128/419PG) 

3,  968,  802  (Ballis;  Medtronics  Inc.  )  -  Discloses  a  filter  at  the  pacemaker 
output  in  order  to  eliminate  interference  caused  by  electrosurgical  instru- 
ments. 

3,  971,389  (Brownlee  et  al;  Research  Co.  )  -  Discloses  a  low  current  drain 
pacemaker  which  has  a  complementary  multivibrator,  transformer -coupled 
to  the  electrodes  to  produce  fixed  rate  pacing  pulses. 

3,  972,  334  (Wickham;  Telectronics  Pty.  Ltd.  )  -  Discloses  an  electrical  in- 
terference resisting  pacer  which  contains  two-time  base  generators  which 
are  controlled  by  a  heart  beat  sensitive  logic  circuit.  The  logic  circuit 
selects  the  particular  time  base  generator  necessary  to  control  the  heart 
stimulating  pulse  generator. 

3,  983,  880  (  Kolenik;  Arco  Medical  Products  Co.  )  -  Discloses  a  rate-setting 
multivibrator  which  has  two  identical  time  constant  circuits  in  order  to  re- 
duce the  effect  of  the  changing  characteristics  on  single  time  constant  cir- 
cuits. 

3.999.556  (Alferness;  Medtronics,  Inc.  )  -  Discloses  a  light  emitting  diode 
used  as  a  low  voltage  regulating  and  temperature  compensating  circuit  ele- 
ment. The  diode  stabilizes  the  gain  of  the  heart  beat  sensing  amplifier 
in  a  pacemaker. 

3.999.557  (Citron  et  al;  Medtronics,  Inc.  )  -  Discloses  a  heart  pulse  con- 
trolled capacitive  circuit  selectively  coupled  to  a  second  capacitive  cir- 
cuit in  the  timer  of  a  pacemaker.  The  capacitive  circuits  are  assert- 
ed to  provide  substantially  equal  standby  and  pacing  rates. 
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Power  Sources   (128/419PS) 

3,  986,  514  (Cannon;  Americal  Optical  Corporation)  -  Discloses  extending 
the  insulator  around  one  terminal  of  a  pacemaker  battery  in  order  to  form 
a  longer  leakage  path  with  the  battery  encapsulation  material.  This  extended 
insulation  is  asserted  to  decrease  short  circuit  failure  of  the  battery  and 
pacer. 

4,002,497  (Brown;  United  Kingdom  Atomic  Energy  Authority)  -  Discloses 
a  thermoelectric  battery  suspended  in  a  casing  which  is  in  contact  at  one  end 
with  a  heat  sink  and  contains  a  radio-isotope  fuel  capsule  shock  mounted 
at  the  other  end. 

Pacemaker  Testing  (128/419PT) 

3,986,496  (Brastod;  Medtronics,  Inc.)  -  Discloses  apparatus  for  widening 
sensed  pacemaker  pulses  in  order  to  produce  low  frequency  signals  capable 
of  being  processed  by  telephone  telemetry  equipment. 

Defibrillators  (128/419D) 

3,  952,  750  (Mirowski  et  al;  MLrowski)  -  Discloses  an  externally  operated, 
implanted  defibrillator,  which  stimulates  only  the  atrial  portion  of  the 
heart. 

4,  002,  239    (Buchalter)    -    Discloses    a   cardiac    defibrillator    cup    containing 
electrolytic  gel  for  placement  on   the  pulser  electrode.      The  cup  is  manip- 
ulated  so   that  the    electrolyte    is    transferred  to   the  electrode  in  order    to 
improve  electrode  contact  with  the  patient's  body. 

Future  Trends 

Pacemakers 

Continued  development  is  forecast  of  fabricating  methods  and  materials 
which  will  improve  the  ability  of  the  pacemaker  to  withstand  the  adverse 
environmental  effects  of  the  body.  Solid  state  technology  will  help  reduce 
both  the  size  and  weight  of  pacemakers.  The  useful  life  of  power  sources 
will  be  extended  by  current  drain  reduction  and  by  improved  battery  design. 
Development  is  also  proceeding  towards  mitigating  the  deleterious  effects 
of  environmental  electrical  interference  on  pacemaker  circuitry. 

Defibrillators 

Defibrillator  development  is  directed  towards  light-weight  portable  units 
and  towards  implantable  modules. 

Technology  Analysis  by 

William  E.    Kamm 
Patent  Examiner 
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OPTICAL  WAVEGUIDES 


Introduction 

An  optical  fiber  waveguide,    as  depicted  in  Fig- 
ure   1,    is    a   fine    strand   of  dielectric  material 
consisting  of  solid  glass,    plastic,     or  a   fluid 
medium  of   relatively  high    refractive   index, 
clad    with    a    material  having   a   lower  refrac- 
tive   index  through  which  light  waves    are   pro- 
pagated. 


CLADDING    (n2  ) 
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FIG.  I  :  OPTICAL    FIBER 
WAVEGUIDE 


A  thin  film  dielectric    wave- 
guide,   as  depicted  in  Figure  2, 
consists  of  a  thin  film  of  di- 
electric material  deposited  on 
a  substrate  having  an  index  of 
refraction  lower  than  that  of  the 
thin    film,     but  larger  than  the 
refracture  index  of  the  air  space 
above  the  film. 
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In  typical  systems,  electrical  signals  are  converted  into  light  energy  by 
modulating  a  light  source,  generally  a  small  semiconductor  laser  or  light 
emitting  diode.  Th,e  modulated  light  beam  is  coupled  into  the  optical  fiber 
core.  At  the  other  end  of  the  fiber  the  light  energy  is  coupled  into  a  thin 
film  dielectric  waveguide.  The  light  waves  are  then  processed  in  the  planar 
waveguide,  i.  e.  ,  detected,  modulated,  switched  or  amplified,  for  re- 
transmission over  another  waveguide  system. 

Transmission  of  information  at  optical  frequencies  provides  broad  band- 
width, allowing  high  data  rate  transmission.  Optical  waveguides  are  resis- 
tant to  interference  from  stray  electromagnetic  fields  that  can  distort  sig- 
nals in  conventional  wiring.  Fibers  are  resistant  to  r-f  interference,  cross 
talk  and  grounding  problems  thus  providing  secure  communication 
transmission  systems.  For  this  reason  optical  fiber  waveguides  have  been 
the  subject  of  much  research  effort  which  is  reflected  in  recent  patenting 
in  this  area. 

In  the  most  recent  three  year  period,  1974-1976  (estimated).  319  patents 
are  estimated  to  have  issued  in  this  area.  This  is  66.  7%  of  all  patenting  in 
the  technology  in  the  last  decade.  In  1975  alone,  114  patents  issued,  com- 
pared to  12  which  issued  in  1967.  This  rapid  growth  is  illustrated,  by 
both  patent  grant  date  and  application  filing  date  of  these  patents,  on  the 
next  page. 


#     The  technology   described   in   this  report   is  contained   primarily  in 
Patent  Classification  System  Class  350,    subclasses  96WG  and  °oC. 
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Since  1971,  the  foreign  contribution  to  this  technology's  growth  has  amount- 
ed to  about  30.4%   of  all  patents  issued,    less  than  the  all  technology  foreign 
share  average  of  about  35%  for  the  same  period.   The  distribution  of  patents, 
by  country   of  invention,    in   this    technology  is  shown  in   the   table    following 
the  graph. 

Thrust  of  Technology 

Early  advances  in  light  waveguide  transmission  were  achieved  at  the  Ameri- 
can Optical  Company  in  the  1960's  by  Osterberg,  Smith  and  Hicks  (1-3).  ** 
Osterberg  and  Smith  (1,  2)  used  incoherent  visible  light  to  transmit  two  di- 
mensional  images    by  surface  guided   optical  waves  along  a  sheet   of  glass. 

These  waves  could  be  propagated  across  open  air  spaces  or  travel  through 
transparent  liquids  and  solids  on  their  way  to  a  receiving  location.  Hicks 
and  Osterberg  (3)  transmitted  light  through  a  fiber  waveguide  consisting 
of  a  high  refractive  index  core,  a  first  cladding  layer  of  a  lower  refractive 
index  and  an  absorbing  second  layer  of  epoxy,  and  disclosed  the  basic 
theory  for   present   single  mode  and   multimode  optical  fiber   transmission. 

Later  Flam  and  Schineller  (4),  at  Hazeltine  Research  Inc.  ,  fabricated  two- 
dimensional  planar  waveguides  using  proton  irradiation  of  fused  silica  to 
produce  a  waveguide  beneath  the  dielectric's  surface. 

Maurer,  Schultz  and  Keck  (5-8)  working  at  Corning  Glass  Works  in  the 
early  1970's,  developed  a  fiber  with  light  loss  as  low  as  20dB/Km.  Re- 
cently, use  of  high  purity  fused  silica  fibers  has  lowered  this  loss  to  less 
than  2dB/Km  (at  2dB/Km,  63  percent  of  the  light  input  is  usable  one  kilo- 
meter along  the  fiber). 

There  is  presently  an  extensive  interest  in  three  basic  types  of  optical  fibers 
for  optical  transmission.      They  are: 

(1)  The  single  mode  optical  fiber  (3),  as  depicted  in  Figure  3 -A,  which 
consists  of  a  solid  glass  core  having  a  diameter  of  only  a  few 
microns  and  which  is  clad  with  a  larger  diameter  glass  layer 
of  a  lower  refractive  index.  The  dimensions  of  the  single  mode 
fiber  allow  only  one  mode  of  light  rays  to  propagate  through  its 
length. 

CORE  (n  ,  )_, 
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FIG.  3-A:  SINGLE    MODE    FIBER 


**    Numbers    in  parentheses    refer    to   patents     listed    in    the     Bibliography 
at  the  end  of  this  report. 
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(2)  The  multimode  fiber  (9-11)  as  depicted  in  Figure  3-B,  which  con- 
sists of  a  solid  glass  core,  50-70  microns  in  diameter,  with  an 
outer  glass  cladding  layer  having  a  lower  index  of  refraction 
than  the  core. 
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FIG.  3-B:  MULTIMODE     FIBER 

(3)  The  graded  index  fiber  waveguide  (10,  12,  13),  as  depicted  in 
Figure  3-C  whose  core  has  a  parabolic  index  of  refraction  (the 
index  of  the  core  increases  from  the  center  outward)  and  has  a 
glass  cladding  layer.  The  gradient  fiber  reduces,  by  refraction, 
the  differences  in  opticalpath  length  for  different  modes  propagated 
through  the  core.  Nippon  Selfoc  Co.  of  Japan  (13)  has  done  extensive 
work  on  this  fiber. 
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FIG.  3-C:  GRADED   INDEX    FIBER 


To  form  a  usable  longline  transmission  path,  the  optical  fibers  are  used 
in  a  multifiber  cable.  Fiber  cables  are  designed  to  protect  the  fibers  from 
damage  due  to  any  adverse  ambient  environment  and  operational  stresses. 
Generally  a  fiber  cable  contains  a  longitudinal  strength  element  (14-17) 
to  reduce  the  strain  on  each  fiber  }n  the  cable.  The  fiber  bundles  may  be 
encased  in  a  plastic  jacket  to  protect  them  from  the  operational  environ- 
ment. The  fibers  may  be  oriented  in  the  cable  in  multifarious  arrange- 
ments. Slaughter  (14-15)  arranged  the  fibers  in  a  layer  around  a  central 
reinforcing  member.  The  fibers  also  may  be  helically  wrapped  (15,17) 
around  a   central    reinforcing  member    to    form    the   cable.    Nowak   (18)   of 
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ITT  developed  a  fiber  optic  transmission  line  where  the  fibers  are  sus- 
pended inside  a  tubular  member  containing  a  semi-fluid  substance  to  dampen 
fiber  movement.  Gloge  (19)  at  Bell  Telephone  Laboratories  recognized 
that  the  fibers  are  subject  to  microbending  losses  (lateral  pressure)  and 
developed  a  double  jacket  cable  to  protect  the  fibers. 

Presently,  interest  is  centered  on  use  of  near-infrared  wavelengths  (10.6 
microns)  light  where  silica  optical  fibers  exhibit  their  lowest  losses. 
Double  heterostructure  gallium  arsenide  lasers  emit  light  in  the  near- 
infrared  range.  This  is  compatible  with  the  transmission  characteristics 
of  silica  fiber  and  the  detection  parameters  of  gaiiium  arsenide  photo- 
detectors. 


Communication   systems   uti- 
lize   either   active   or   passive 
optical  circuits.      An  active 
optical    circuit    is    shown  in 
Figure   4,     and    typically  in- 
cludes   a   light   source  (lasers 
or    LED's)   as    well   as    modu- 
lators,    switches    and    detec- 
tors. 


ELECTRO-OPTIC 
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FIG.  4=  MONOLITHIC    INTEGRATED    OPTICAL 
CIRCUIT 


Passive  optical  circuits  require  a  waveguide  in  conjunction  with  modulators 
or  switches.  At  optical  wavelengths,  modulators  and  switching  networks 
are  designed  to  operate  directly  on  the  light  carrier  by  varying  the  refrac- 
tive index  of  the  waveguide  path.  The  variations  in  the  waveguide  index 
of  refraction  can  be  generated  by  four  basic  techniques.    They  are: 

(1)  The  electro-optic  effect  (10-26),  in  which  a  voltage  is  induced  in  ad- 
jacent or  contiguous  electrode  pairs  so  as  to  create  an  electric  field  across 
the  waveguide  path  and  thereby  change  the  waveguides  refractive  index. 

(2)  The  magneto-optic  effect  (27-29)  in  which  a  magnetic  field  is  gen- 
erated across  the  waveguide  path  thereby  changing  the  refractive  index  of 
the  waveguide. 

(3)  The  acousto -optic  effect  (21,  30-35)  in  which  surface  acoustic  waves 
are  directed  across  the  waveguide  thereby  creating  variations  in  the  re- 
fractive index. 


(4)  The  free  charge  carrier  effect  (36-39),  in  which  the  optical  wave- 
guide is  made  from  semiconductor  materials.  An  electric  field  is  applied 
to  the  waveguide  and  this  field  controls  the  free  charge  carrier  movement 
in  the  semiconductor,  causing  changes  in  the  waveguide  refractive  index. 
Johnson  (37)  at  RCA  developed  a  semiconductor  waveguide  light  switch 
by  using  the  free  carrier  density  to  vary  the  refractive  index.  Ashkin 
(36) at  Bell  Telephone  Laboratories  developed  a  semiconductor  light  modu- 
lator. 


Efficient  coupling  is  necessary  to  transfer  light  into  the  thin-film  circuits 
(40-50).  Early  work  in  coupling  light  into  waveguides  was  performed  at 
Bell  Telephone  Laboratories  by  Tien  (40,  41)  and  Ulrich  and  Martin  (42). 
They  used  an  internal  reflection  prism  on  the  waveguide  surface  to  launch 
waves  into  the  guide.  A  grating  coupler  was  used  by  Ashkin  (43)  to  couple 
light  into  the  guide.  An  improved  version  of  the  grating  coupler  was  de- 
veloped by  Kogelnick  (44)  using  a  thick  Bragg  type  diffraction  grating  layer 
on  one  surface  of  the  thin-film  guide.  Ulrich,  Tien  and  Smolinsky  (45-48) 
achieved  coupling  into  and  out  of  fiber  and  thin-film  guides  by  tapering  the 
end  regions  of  the  fiber. 

Where  a  joint  is  to  be  made  in  a  fiber  or  cable,  individual  pairs  of  fibers, 
some  having  a  diameter  no  greater  than  one  micron,  must  be  mated  while 
still  maintaining  low  losses  and  low  crosstalk.  In  many  applications  it 
is  required  that  the  connectionbe  made  many  times  (51-59).  To  be  practical 
the  connector  must  be  simple  and  efficient  to  assemble  in  the  field.  The 
connector  must  prevent  lateral  and  angular  misalignment  of  the  fiber  cores 
and  the  fiber  ends  must  be  smooth  (usually  polished)  to  minimize  fiber 
end  separation.  Many  fiber  interconnections  are  splices,  that  is,  a  perm- 
anent joint  not  intended  for  disconnection  (60-64). 

FUTURE  TRENDS 

More  development  directed  toward  IOC  (integrated  optical  circuit)  chips 
to  miniaturize  the  optical  processing  elements  is  expected.  Also,  uniform 
multifiber  optical  cables  to  standardize  the  longline  transmission  guide 
and  low  loss  multifiber  connectors,  easy  to  assemble  under  adverse  envi- 
ronmental conditions  of  the  field,  will  be  needed.  Once  these  elements  are 
available,  optical  waveguide  systems  will  become  more  cost  competitive 
with   comparable  electric  systems. 


Technology  Analysis  by 
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PROSTAGLANDINS* 


Prostaglandin  is  the  generic  name  given  to  prostanoic  acid  and  its  ana- 
logues. Some  of  these  are  naturally  occurring  in  animal  tissue,  including 
human  tissue,  while  many  others  are  synthetic  derivatives  developed  over 
the  last  15  years. 

Many  prostaglandins  have  a  broad  spectrum  of  pharmacological  activity 
and  are  among  the  most  potent  pharmaceutical  agents  known.  It  is  not 
suprising  that  for  several  years,  this  technological  area  has  been  the 
subject  of  intense  patent  activity,  ranking  among  the  fastest  growing  chemi- 
cal areas  in  the  Patent  and  Trademark  Office.  It  was  first  reviewed  in  the 
Fifth  Report  (1975).  Because  growth  has  remained  at  a  high  level,  and 
many  new  developments  have  occurred  it  is  reviewed  again.  This  second 
review  updates  the  first  review  by  presenting  patent  data  through 
1976  (estimated),  and  expands  the  first  review  by  including  prostaglandin 
patents  drawn  to  aromatic  and  heterocyclic  derivatives,  intermediates  and 
pharmaceutical  uses. 

The  phenomenal  growth  rate  of  this  technology  is  illustrated,  by  both  patent 
grant  date  and  the  application  filing  date  of  these  patents,  in  the  two  graphs 
on  the  following  page.  Most  of  the  patenting  has  occurred  in  the  most 
recent  three  year  period,  1974-76  (estimated),  during  which  about  807c  of 
the  patents  in  this  technology  have  issued. 

In  the  most  recent  three  year  period,  1974-76  (estimated)  about  267c  of  all 
patents  ■  granted  were  to  foreign  resident  inventors.  This  is  somewhat 
less  than  the  all  technology  foreign  share  average  of  about  35%  for  the 
same  period.  The  table  following  the  graphs  shows,  by  patent  date  and 
patent  application  filing  date,  the  country  distribution  of  the  patents  that 
were  granted  in  this  area. 

Thrust  of  the   Technology 

Intense  research  efforts  are  being  conducted  in  the  basic  molecular  biology 
and  physiology  of  the  prostaglandins.  The  exact  and  complete  role  of 
'prostaglandins1  in  the  body  has  not  yet  been  fully  ascertained.  Although 
widely  distributed  in  the  body,  they  are  not  circulated  to  any  great  extent 
but  appear  to  be  locally  synthesized  and  quickly  metabolized.  It  is  known 
that  prostaglandins  are  involved  with  cyclic  AMP  and  in  other  body  control 
systems. 


*  The  technology  reviewed  in  this  report  is  substantially  encompassed  in 
classes  260  and  424.  An  unofficial  digest  of  all  prostaglandin  patents 
from  many  different  subclasses  has  been  created.  A  complete  listing  oi 
all  U.  S.  patents  in  this  digest  at  the  time  this  report  was  prepared  can 
be  obtained  from  the  Office  of  Technology  Assessment  and  Forecast.  I".  5< 
Patent  and  Trademark  Office,    Washington,    D.  C.    20231. 
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BY  PATENT  APPLICATION  FILING  DATE 


Recent  work  in  the  body  synthesis  of  prostaglandins  from  fatty  acids  has 
led  to  the  isolation  and  characterization  of  quickly  synthesized  and  metabo- 
lized 'prostanoids'  (1)*  i.  e.  ,  prostaglandin  like  compounds.  The  key  inter- 
mediate appears  to  be  the  prostaglandin  endoperoxides  (2.)  .  This  inter- 
mediate is  transformed  not  only  to  prostaglandins,  but  also  to  the  throm- 
boxanes and  prostacyclins  (3).  Research  in  these  and  related  areas  has 
led  to  the  design  of  structually  modified  compounds  which  retain  the  desired 
activity  and  exhibit  greater  specificity  and  longer  duration. 

In  the  past  eighteen  months  since  the  last  report,  many  of  the  patented 
modifications  continue  tobe  applied  to  numerous  other  prostaglandins.  Ex- 
amples are  the  insertion  of  sulfur  (4),  oxygen  (5),  alicyclic  rings  (6,  7) 
phenylene  (8,  )  and  oxyphenylene  (9)  in  a  chain.  The  13  -  sulfa  analogues  (4) 
are  reported  to  exhibit  both  prostaglandin  type  and  anti -prostaglandin  type 
effects.  New  compounds  with  double  bonds  in  the  4-5(10),  9-10  (11,12), 
16-17  (13)  position  have  been  synthesized.  Numerous  substituted  methyl- 
enes (14,15)  and  aromatics  (16)  in  the  11  position  have  been  reported. 
Miles  Laboratories  has  synthesized  compounds  with  a  3 -hydroxy- 1 -alkenyl 
moiety  in  both  the  11  and  12  position  (16). 

In  addition  to  phenylene  groups,  heterocyclic  groups  such  as  furyl  and 
thienyl  (17,  18)  have  been  inserted  in  the  chains. 

The  cyclopentane  ring  has  also  been  modified.  Various  heterocyclic  com- 
pounds including  lactones  and  lactams  have  been  prepared  (19-23). 
Catechols  (24)  and  resorcinols  (25)  substituted  with  the  two  prostaglandin 
chains  have  been  Reported.  Prostaglandin  compounds  where  the  ring  has 
been  expanded  to  cyclohexane  (26)  or  cleaved  to  open  chain  analogues  (27,  28) 
have  been  patented. 

The  carboxy   moiety  has    been   converted  to  sulfonic  acids    (24),    aldehydes, 
(13,  30)  amides  (31,32),    tetrazols  (33)  alcohols,    (34)  and  ethers   (34). 

Recently   substituted  phenyl   esters    of  prostaglandins    have   been  reported. 
Examples    are   bipheny(35)   and   indanyl(36),    prepared  by    Pfizer,     phenacyl 
(37,38)   and  numerous    amino   and   carbonyl   containing  phenols  prepared  by 
Upjohn(39,40). 

The  promising  15  alkyl  and/or  16,  16  dialkyl  homologues  of  both  known  and 
newly  synthesized  compounds  have  been  prepared.  Alkynyl(41)  groups  have 
been  introduced  and  16,  16  ethano(13),  propano(13)  and  methylene  (42) 
compounds  have  been  reported.  Akin  to  methyl  groups,  numerous  examples 
of  16-fluoro,  16,  16  difluro  and  16,  methyl,  16  fluoro  compounds  have 
been  reported  (9,    10,    43). 

Other  modifications  include  14-(44)  and  20-(45)  chloro,  13-sulfinyl  (46). 
10-hydroxy  (47,48)  and  9-desoxy-9-fluoro  (49)  prostaglandins.  2ct  -  28 
dihomo  (50)  and    A  2  prostaglandins   (44,    51  )  have  been  patented. 


#    Numbers    in  parenthesis    refer    to   patents    listed   in   the    Bibliography   at 
the  end  of  this  report. 
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Prostaglandin  9,  11  endoperoxides  and  their  methylene  analogues  have  been 
synthesized  by  Upjohn  (2).  Reaction  products  of  these  compounds  include 
9-deoxy  -9-  methylene  compounds  which  have  also  been  reported  by  another 
group  (52). 

Two  groups  (53,  54)  have  recently  reported  15-deoxy,  16-hydroxy  pros- 
taglandins which  are  asserted  to  have  excellent  anti-ulcer  properties  with 
fewer  side  effects. 

Two  interesting  series  of  prostaglandins  have  been  patented.     These  are  13- 
yne  compounds  (17,  44,  55),    e.g.,  5c-prosten-13-ynoic  acids  (44),    asserted 
to   show  lower  metabolism  rates,   and  optically  active  8$,    12  a  compounds, 
i.  e.  ,   the  ent  form  of  prostaglandins,   purportedly  exhibiting  greater  speci- 
ficity (56). 

Much  of  the  effort  in  the  synthesis  of  prostaglandins  and  prostaglandin 
analogues  has  been  directed  to  the  refinement,  simplification,  and  improve- 
ment of  the  known  syntheses. 

Recently  Schaaf  and  Corey  patented  an  improved  sequence  in  the  synthesis 
of  PGi*  compounds  (57),  previously  developed  by  Corey's  group.  Several 
different  and  new  methods  of  synthesizing  the  key  bicyclic  lactone  interme- 
diate in  the  "Corey  synthesis"  have  been  reported  (58-61). 

Other  process  refinements  have  been  directed  to  the  development  of  stereo- 
specific  reagents    (62,     63),    reaction  sequences  (64,    65)  and  conditions  (66, 
67)  which    yield  the    desired    isomer.     One   group    (66)  developed  reaction 
conditions  which  eliminate  the  need  for  introducing  and  removing  protecting 
groups. 

Very  useful  microbiological  techniques  which  yield  stereospecific  products 
have  been  utilized  in  most  stages  of  the  chemical  synthesis.  These  include 
a  stereospecific  hydroxylation  (53),  selective  hydrolyses  (68)  and  reductions 
(69).  Several  analytical  systems  (70)  including  radioimmunoassay  methods 
(71)  also  have  been  patented. 

Approximately  ten  per  cent  of  the  prostaglandin  related  patents  are  directed 
to  the  pharmaceutical  use.  Several  patents  are  directed  to  the  preparation 
of  stable  prostaglandin  pharmaceutical  compositions  (72,    73). 

Much  work  has  also  been  reported  and  patented  involving  the  use  of  specific 
prostaglandins  and  prostaglandin  analogues  in  reducing  the  gastro- intestinal 
side  effects  of  anti- inflammatory  compounds  (74,    75). 


*  Names  are  abbreviated  using  PG  for  prostaglandin,  a  letter  symbol  to 
indicate  the  particular  substitution  on  the  5 -member ed  ring,  a  subscript 
number  to  indicate  specific  bonds  in  the  side  chains  and  subscripts  a  or 
6  to  indicate  the  configuration  of  the  9 -hydroxy  group.  For  example,  the  E 
prostaglandins  have  an  oxygen  at  carbon  9  while  the  natural  ocurring  F 
prostaglandins  have  an  a-hydroxy  group  at  this  position.  The  A  prostaglan- 
dins have  a   10-11  double  bond. 
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Several  compounds  which  are  anti -prostaglandin  and  prostaglandin  synthe- 
tase inhibitors  have  been  patented  (7  6,    77). 

In  two  well  known  areas,  blood  platelet  aggregation  inhibition  (78,  79) 
and  bronchodilators  (80,  81),  numerous  patents  have  been  obtained.  Also, 
a  method  of  alleviating  bronchospams  with  compounds  of  the  11-deoxy  series 
has  been  patented  (80). 

Among  the  other  methods  of  use  that  have  been  patented  for  specific  prosta- 
glandins are:  tranquilizer  (82),  bone  deposition  (83),  hypotensive  (84), 
antishock  (85),  contraceptive  (86)  and  anti-inflamatory  (87)  agents. 
A  method  of  controlling  estrus  in  domestic  animals  has  also  been  patent- 
ed (88). 

A  patent  directed  to  a  method  of  reducing  gastric  secretion  by  employing 
the  prostaglandin  analogue  16,16  dimethyl  PGE  2  has  been  issued  to  Up- 
john (89). 

The  use  of  natural  prostaglandins  PGE  2  and  PGF2Q1for  inducing  labor  (90) 
or  medical  abortion  (91)  has  also  been  patented. 


Future   Trends 

Patent  activity  appears  to  be  directed  to  matching  specific  compounds  to 
a  specific  use  with  sufficient  potency,  duration  and  specificity  to  obtain 
useful  drugs. 


Technology  Analysis  by 
Robert  Gerstl,    Ph.  D. 
Patent  Examiner 
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SECTION  IV 

FORECASTING  PATENT  ACTIVITY  BY  USE  OF 
PENDING  PATENT  APPLICATION  DATA 


The  Patent  and  Trademark  Office  has  long  maintained  records  relating 
to  the  number  of  patent  applications  filed.  For  many  years  it  has,  as 
well,  kept  track  of  the  number  of  patent  applications  pending  at  any  given 
time.  However,  it  was  not  until  the  relatively  recent  development  of  an 
effective  computerized  central  record  system  that  it  became  possible  com- 
prehensively to  study  pending  applications  levels  on  the  basis  of  the  tech- 
nology to  which  they  pertained. 

This  present  system  --  called  Patent  Application  Locator  and  Monitoring 
(PALM)  --is  designed  and  was  implemented  to  provide  the  Patent  and 
Trademark  Office  with  a  broad  base  of  management  information  and  a 
mechanism  for  work  flow  control.  However,  one  of  the  data  items  collected 
for  each  pending  application  creates,  in  addition,  the  potential  for  use  of 
the  PALM  data  base  for  patenting  forecast  and  other  technology  assess- 
ment purposes.  This  data  item  is  the  patent  application's  "classification" 
within  the  U.S.    Patent  Classification  System.  * 

By  virtue  of  the  availability  of  this  and  other  information  from  PALM, 
one  can,  with  fair  accuracy,  **  determine  the  number  of  patent  applications 
pending  in  a  technology  at  any  given  time,  and  when  those  applications 
were  filed.  Knowing  this,  and  adjusting  for  such  factors  as  average  appli- 
cation pendency**  and  abandonment  rates***  in  the  technology,  future 
patenting  in  that  technology  can  be  forecasted. 


*  The  U.S.  Patent  Classification  System  is  made  up  of  over  300  major 
subdivisions,  called  classes,  and  further  subdivided  into  more  than  95,  000 
detailed  technological  categories,    called  subclasses. 

**  The  classification   of  a   pending   patent   application   must   always    be  con- 
sidered  as    tentative    since  it  may  change   during    the  examination  process, 
becoming  finalized  only  at  time  of  patent  issuance. 

***  Application  pendency  is  the  time  period  between  filing  and  patent  issu- 
ance. A  patent  application  which  is  filed  but  which  does  not  mature  into 
a  patent  (either  by  the  applicant's  choice  or  as  a  result  of  rejection  by 
the  Patent  and  Trademark  Office)  is  said  to  be  abandoned.  At  present, 
the  average  pendency  for  all  applications  is  a  bit  over  19  months  and  the 
abandonment  rate  is  about  30%  (i.  e.  ,  30%  of  all  patent  applications  filed 
do  not  mature  into  patents).  However,  while  pendency  is  fairly  uniform 
no  matter  what  the  technology  involved,  abandonment  rates  can  vary  sig- 
nificantly from  the  average. 
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In  the  past,  the  Office  of  Technology  Assessment  and  Forecast  (OTAF)  has 
attempted,  for  selected  technologies,  five  year  patenting  forecasts  using 
computer  extrapolation  of  recent  patenting  trends  (e.  g.  ,  see  OTAF's 
"Early  Warning  Report",  December  1973).  The  results,  as  might  be  ex- 
pected,  have  been  mixed. 

In  this  Section  pending  patent  application  data  are  used,  for  the  first  time, 
to  attempt  shorter  term  (two  year)  but,  we  believe,  more  accurate  forecasts 
of  future  patenting  in  a  technology.  For  this  first  effort  six  classes  of  the 
U.S.  Patent  Classification  System  have  been  selected.  These  classes 
relate  to  various  areas  of  technology  and  have  varying  patenting  trends 
(some  up,  some  down).  Each  is  treated  in  a  review  which  gives  a  definition 
of  the  technology  encompassed  by  the  class  and  presents  a  graph  of  the 
patent  and  patented  application*  filing  activity  within  the  class. 

Each  graph  has  two  lines.  **  The  dotted  line  illustrates  patented  application 
filings  from  1967  through  1976  estimated  --  1976  data  being  a  doubling  of 
the  actual  filings  through  June  30,  1976.  Through  1973,  these  data  were 
obtained  by  redistributing  actual  patenting  in  the  class  on  the  basis  of  the 
dates  the  application  for  the  patents  were  filed.  This  yielded  essentially 
complete  patented  application  data  through  1973;  since,  with  the  present 
average  pendency  of  19  months,  almost  all  applications  filed  in  1973  have 
now  either  matured  as  patents  or  have  become  abandoned.  The  1974,  1975 
and  1976  patented  application  data  were  derived  from  the  PALM  data  base 
by  extracting  total  application  filing  data  for  the  class  and  year,  and  then 
adjusting  for  the  abandonment  rate  appropriate  for  the  class. 

The  solid  line   represents   actual  patenting  in  the  class   from  1967  through 

1975  and  estimated  patenting  for  1976  through  1978.  These  estimates  were 
obtained  by  adding   an    18    month    pendency    factor    to   the    1974,     1975   and 

1976  patented  application  data.       An   18   month  pendency  factor   was  used, 
rather  than   19  months,    the   current  pendency,    since   the   lower  rate,    long 
a  Patent  and  Trademark  Office  goal,   is  expected  soon  to  be  achieved. 

In  future  publications,  OTAF  will  attempt  to  combine  the  use  of  pending 
application  data  with  the  previously  used,  computer  generated,  trend  ex- 
trapolation techniques,  to  forecast  patenting  for  a  period  longer  than  two 
years.  Itis  hoped  that  these  forecasts,  by  incorporating  pending  application 
data,  may  prove  to  be  of  a  confidence  level  higher  than  that  of  the  forecasts 
previously  obtained  using  trend  extrapolation  only. 


*  In  this  Section  and  throughout  this  publication  patent  applications  which 
ultimately  mature  into  patents  (as  opposed  to  those  which  do  not)  are  re- 
ferred to  as  patented  applications. 

**  The  data  used  in  plotting  each  graph  is  contained  in  Table  4-1,  on  the 
following  page. 
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TABLE:    4-1     PATENTING  IN  SELECTED  CLASSES 


1967  1968     1969    1970    1971     1972    1973     1974    1975    1976E    1977E    1978E 

CLASS  60 

Patents  560  495   466   449   437   501   539   600   588   686    598    597 

Applications*  460  451   432   457   473   449   673   772   601   597 

CLASS  96 

Patents  395  394   444   551   947   965   766   717   634   586    510    5 ',4 

Applications*  538  547   601   679   724   603   800   657   515   504 

CLASS  317 

Patents  607  465   467   479   668   519   521   429   394   394    394    394 

Applications*  421  432   422   442   470   453   387   396   393   394 

CLASS  351 

Patents  13  43         62         72         79         55         56         61       52           85            69            77 

Applications*  39  41         65         49         63         52         50         62       71            77 

CLASS  427 

Patents  358  407   521   501   503   730   448   567   545   484    515    500 

Applications*  381  440   462   537   494   440   265   363   606   500 

CLASS  431 

Patents  168  146       148       190       220       168       217       265       213       174          194          184 

Applications*  157  198       189       169       171       198       133       165       182       184 

*  Patented  Applications 
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CLASS  351-  OPTICS,  EYE  EXAMINING,  VISION  TESTING  AND  CORRECT- 
ING: This  class  relates,  generally,  to  optometry,  and  includes  eye  examin- 
ing and  vision  testing  instruments.  These  instruments  must  include  some 
optical  structure  or  they  must  operate  in  conjunction  with  the  optical  or 
vision  path  of  the  eye.  Also  included  are:  instruments  combined  with  eye 
exercising  and/or  training  devices;  certain  accessories  such  as  test  charts 
and/or  targets  which  may  involve  projection,  illuminators  and  supports 
peculiar  to  these  instruments;  and  eyeglasses,  whichmay  include  the  frames 
or  mountings,   per  se,    or   the  frames  or  mountings  with  ophthalmic  lenses. 


CLASS  427-  COATING  PROCESSES:  This  is  the  generic  class  for  applying 
or  obtaining  a  coating  on  a  surface.  The  coating  may  be  hard  or  soft, 
permanent  or  transitory,  supplied  solely  by  extraneous  materials,  or  wholly 
or  in  part  by  the  base  material.  It  is  also  the  generic  class  for  impreg- 
nating a  base  by  causing  a  coating  material  to  extend  or  penetrate  into  the 
base  material,  or  into  the  inter sticies  of  a  porous,  cellular  or  foraminous 
material. 


CLASS  60-  POWER  PLANTS:  This  class  is  concerned  with  motors  which 
drive  a  load  by  the  conversion  of  heat,  pressure,  radiant,  or  gravitational 
energy  into  mechanical  motion.  It  includes  motors  in  combination  with  their 
energy  supply  or  their  exhaust  treatment.  It  also  includes  combinations 
of  motors  and  motor  elements  not  specifically  provided  for  in  other  classes. 
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CLASS  431-  COMBUSTION:  This  is  the  residual  class  for  processes  of  com- 
bustion or  combustion  starting,  and  for  apparatus  peculiarly  adapted  to  burn 
or  ignite  materials.  Included  are:  timing,  programming,  retarding  or  con- 
dition responsive  controls;  projectors  and  ignitors  for  liquid  or  gelled  fuel; 
fuel  dispensers  installed  in  furnaces;  burners  having  electrical  heaters  or 
igniters;  frictional,  chemical  or  percussive  type  igniters;  separately 
supplied  or  controlled,  physically  related  flame  holders;  and,  discrete 
means  for  transmitting  flame  between  flame  holding  sections. 


CLASS  317-  ELECTRICITY:  This  is  the  residual  class  for  all  subject 
matter,  not  elsewhere  classified,  relating  to  electricity.  Included  are 
patents  for  the  discharging  of  static  electricity,  particle  charging,  ionizing 
(e.g.,  injecting  ions  into  the  atmosphere),  speed  controlled  systems,  po- 
larity reversing,  safety  and  protection  systems  and  devices,  igniting  systems, 
switchboards  and  analogous  devices,  circuits  for  relays  and  electromag- 
nets, demagnetizing,  transformers  and  inductors  with  integral  switches, 
condensors  or  locks,   and  electrolytic  capacitors  and  cell  vents. 


CLASS  96-  PHOTOGRAPHIC  CHEMISTRY,  PROCESSES  AND  MATERIALS: 
This  is  a  class  of  articles,  compositions  and  processes  peculiar  to  the 
production  of  pictures  made  by  the  action  of  light  upon  a  light  sensitive 
medium. 
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SECTION  V 
COMPUTER  MEMORY  COMPONENTS 


In  this  section,  as  part  of  a  continuing  effort  to  demonstrate  uses  of  patent 
information,  patent  activity  in  a  specific  technological  area  and  in  com- 
ponents of  that  area  is  examined.  This  examination  differs  from  those 
presented  in  previous  publications  of  the  Office  of  Technology  Assessment 
and  Forecast  (OTAF),  both  in  scope  of  technology  reviewed  and  in  the 
depth  of  analysis  presented.  For  the  first  time  corporate  profiles  are 
used  in  conjunction  with  patent  profiles  to  assess  the  interest  and  maturity 
of  a   technology.  * 

Selection  Of  Technology 

The  technology  selected  for  this  study  is  computer  memory  systems. 
Included  are  both  magnetic  and  nonmagnetic  systems,  except  those  very 
common  memories  based  on  the  relative  movement  between  a  carrier 
and  a  transducer  (e.g.,  magnetic  tape  and  disc).  If  the  latter  are  con- 
sidered dynamic  in  the  sense  of  requiring  physical  movement  of  at  least 
one  component,  then  the  memory  systems  treated  in  this  analysis  can, 
for  the  most  part,  be  considered  "static";  although,  some  systems  includ- 
ed (e.g.,  holographic)  can  require  movement.  For  convenience,  how- 
ever, the  phrase  "static  memory  systems"  will  be  used  to  denote  those 
computer  memory  areas  included  in  this  report. 

These  static  memory  systems  embrace  most  of  the  better  known  com- 
puter memory  systems,  including  magnetic  core,  magnetic  film,  magneto 
optics,  semiconductor,  superconductor,  ferroelectric,  optical,  and 
cathode  ray  tube  type  memories. 

We  would  have  preferred  also  to  have  included  magnetic  tape,  drum, 
and  disc  memory  systems  in  this  study.  However,  patents  to  such  systems 
are  not  uniquely  classified  in  the  Patent  Classification  System,  being 
intermixed  with  patents  to  magnetic  tapes  and  discs  for  sound  recording, 
and  hence  are  not  readily  identifiable.  To  include  them  would  require 
a  patent  by  patent  search  of  broad  classification  areas  containing  thou- 
sands of  patents.    We  chose,    therefore,   to  limit  the  area  investigated. 

The  static  computer  memory  area  was  selected  for  a  number  of  reasons. 
First,  it  is  an  area  of  high  interest  and  impact;  computers  today  being 
widely  used  and  directly  or  indirectly  influencing  virtually  everyone's 
life.  Second,  it  is  still  basically  a  U.S.  technology  although  foreign  ac- 
tivity in  this  area  has  been  increasing.  Thus,  the  problem  of  foreign 
activity  which  is  not  patented  in  the  U.  S.  is  minimized.  Finally,  at  least 
one  computer  memory  forecast**  has  been  published  with  which  the  results 
of  the  patent  study  could  be  compared. 


*  Correlations  of  this  type  have  been  previously  presented  by  the  Semicon- 
ductor Group,  Japanese  Patent  Office.  See  "Semiconductor  Technology", 
Patent  and  Licensing,    April,    1976,   pages  23-28. 

**  Martin  etal,    "Computer  Memory  Technology  Forecast  -1985",    MITRE 
Corp.    ,    Report  MTR  6483,     August  31,    1973. 
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It  should  be  emphasized  that  while  static  computer  memory  technologies 
were  chosen  to  exemplify  patent  analysis  techniques,  the  same  type  of 
study  could  be  undertaken  for  virtually  any  technological  area. 

Procedure 

The  first  step  in  this  patent  analysis  was  to  define  the  area  of  static 
computer  memory  systems  in  terms  of  subclasses,  the  smallest  units 
of  the  U.  S.  Patent  Classifications  system.  Once  this  was  accomplished, 
patents  in  these  subclasses  could  be  easily  identified  and  the  patent  activity 
analyzed  through  use  of  OTAF's  computerized  data  base. 

Relevant   classifications  were  identified  through  use  of  the  Patent  Classi- 
fication   Manual    and    in   consultation   with   the   patent   examiners    working 
in  the  area.       Altogether,     one   hundred   subclasses  were    found   pertinent. 
An  examination   of   these   as    a    group   provides    useful    patent    information 
about   the       broad      area      of      static      computer      memories.         However, 
because   the    Classification   System  is    hierarchical  in  nature,    a  consider- 
ation of  single    subclasses    or    smaller    groups    of   subclasses  is  possible, 
permitting  patent   analyses     of    components     of    static     computer    memory 
systems.  If  a  subclass  is  further  subdivided  into  its  components  by  means 
of    a    patent  by  patent  analysis,     patent    information    about    very    specific 
aspects  of  a  technology  can  be  obtained. 

The  hierarchical  nature  of  the  Classification  System  was  used  to  study 
static  memory  systems  on  four  different  levels.  These  are  identified  in 
Table  5-1. 

Table  5-1:  STATIC  COMPUTER  MEMORY  SYSTEMS 

Level  1  All  Systems  Combined 


Level  2 


.    Magnetic  Area 

.    Non- Magnetic  Area 


Level  3 


A.      Magnetic  area 
Components 


Magnetic  Core 
Magnetic  Film 
Magneto  Optic 


B.     Nonmagnetic 

Area  Components 


Semiconductor 

Superconductor 

Ferroelectric 

Optical 

Cathode  Ray  Tube 


Level  4 


A.     Magnetic  Film 
Subcomponents 


Planar  Film 
Plated  Wire 
Magnetic   Bubble 
Domain  Tip  Propagation 
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B.  Semiconductor  .  .  .    Charge  Coupled  Devices 
Subcomponents 

C.  Optical  .  . .   Holography 
Subcomponets 

Each  level  is  made  up  of  the  following  subclasses  and/or  patents: 

Level  1  -       Considers    all  patents   in  the    100   subclasses   found 
pertinent. 

Level  2-       Divides  the  100   subclasses    of    Level    1       into    two 
main    groups:  Those    pertinent    to    magnetic    static 
memory  systems   form  the  first  group,   while  those 
pertinent  to  non-magnetic    memory    systems    form 
the  second  group. 

Level  3-       Identifies  some  (but  not  all)    of    the   components   in 
each  group  of  Level  2.    Patenting  in  these  component 
areas  was  identified  by  considering  single  subclass- 
es,   small  groupings    of  subclasses  and/or  selected 
patents  from  subclasses  not  entirely  pertinent. 

Level  4-  Identifies  some  major  subcomponents  of  three  com- 
ponent areas  identified  in  Level  3.  This  is  the  most 
detailed  level  of  the  technology  considered.  Patenting 
at  this  level  was  obtained  by  considering,  for  the 
most  part,  selected  patents  from  subclasses  not 
entirely  pertinent,  although  some  single  subclasses 
were  considered. 

Once  the  pertinent  patents  for  each  area  were  identified,  standard  OTAF 
country/  company  table  reports*  were  generated  for  each  area  and  the 
following  patent  information  was  extracted  and  used  as   described  below: 

Patent  Activity  Data- 

January  19 67 -June  1976  patenting  by  year  was  tabulated  both  by  patent 
grant  date  and  by  the  application  filing  date  of  these  patents. 

Patents  distributed  by  application  filing  date  are  referred  to  as  patent- 
ed applications  in  this  study.  For  the  most  part,  the  profiles  which  follow 
utilize  this  patented  application  data  because  the  application  filing  date  of 
a  patent  is  a  more  accurate  reflection  of  when  the  technology  was  devel- 
oped. 


*    Excerpts   from  an  example  of  this   type  of  report  are  given  in  Appendix 
C. 
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Distributing  1967- June  1976  patents  on  an  application  date  basis  pro- 
vides essentially  complete  data  on  those  applications,  which  ultimately 
became  patents,  filed  each  year  from  1965  through  1973.  This  is  the  case 
because  there  is  a  delay  between  the  filing  of  a  patent  application  and  its 
subsequent  issuance  as  a  patent.  The  length  of  this  delay  (i.  e.  ,  the 
"pendency"  of  an  application)  is  determined  by  many  factors,  including 
Patent  and  Trademark  Office  workload,  budget  and  man-power  levels, 
patent  printing  schedules,  etc.  Present  average  pendency  is  about  19 
months;  but  in  1967  it  was  over  2  years.  Thus,  applications  filed  in  1965 
did  not   issue  as  patents  until  1967  or  later. 

In  the  review  of  Level  1,  the  broadest  level  considered,  patenting,  by 
year,  is  expressed  in  terms  of  the  actual  number  of  patented  applications 
filed  in  the  area  from  1965-1973,  and  in  terms  of  the  percentage  those 
applications  were  of  the  total  patented  applications  filed  in  the  Patent 
and  Trademark  Office  in  all  technologies,  from  1965-1974.  A  1974  figure 
is  provided  in  the  latter  since  enough  1974  data  are  available  to  give 
a  percentage  estimate  for  that  year. 

Assignment  Data- 

Corporate  owned  patents,  issuing  between  January  1969- June  1976,  were 
extracted  and  tabulated  by  assignee  and  application  filing  date  of  these 
patents. 

Most  patents  at  the  time  of  issue  are  assigned  to  corporations  or  other 
organizations.  In  the  most  recent  three  year  period  (1974-76E),  92%  of  all 
static- memory  patents  granted  were  assigned  at  the  time  of  issue  to  a 
U.S.   or   foreign  organization  (mostly  corporations). 

These  assignments  are  printed  on  the  patent  document,  and,  since  1969, 
have  been  captured  on  a  computerized  data  base.  In  the  interim  about 
50,000  different  organizations  have  been  recorded  as  assignees  for  roughly 
half  a  million  patents. 

Such  information  is  of  obvious  interest  in  determining  who  owns  what  in 
a  given  technology.  In  the  analysis  which  follows,  it  is  used  in  this 
way   to  determine  ownership  profiles  in  some  of  the    Level  3    and  4  areas. 

Use  of  Patent   and  Assignment  Data    For    Technology    Trend  Analysis - 

Assignment  data  can  also  be  used  to  measure  the  number  of  firms  ob- 
taining patents  in  a  given  technology.  This  information  is  an  indicator 
of  the  interest  in  the  technology.  Hence,  a  profile  of  corporate  patent 
activity  indicates  the  trend  of  interest  in  a  technology. 

When  this  trend  is  correlated  with  that  of  the  patent  activity,  which  is 
an  indicator  of  technological  activity,  the  "maturity"  of  a  technology  can 
be  assessed.  For  example,  a  technology  in  which  both  patent  activity 
and  corporate  activity  are  increasing  shows  increased  technological  activ- 
ity and  interest.    Thus,    the  technology  is  probably  in  a  development  stage. 
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Conversely,  a  technology  having  decreased  patent  and  corporate  activity 
(decreasing  technological  activity  and  interest)  can  be  said  to  be  in  a 
fully  mature  or  declining  stage.  The  possible  correlations  between  patent 
activity  and  company  activity,  and  the  appraisal  of  these  correlations  is 
given  in   Figure    5-1    and  Table  5-2. 


QUAD. XL-RESEARCH 
OR   PERFECTION 


Figure  5-1  illustrates, 
for    a    hypothetical 
technology,   a  graphi- 
cal mode  of  depicting 
with  vectors  the  trend 
of  activity  in  that  tech- 
nology.   Each  year  of 
technological  activity 
is  represented  by  a 
vector  having  scalar 
values  which  represent 
the  change  in  the  num- 
ber of  patented  appli- 
cations  (X  axis)  and  the 
change  in  the  number 
of  different  assignees 
(Y  axis)  for  that  year 
from  the  previous  year. 
The  base  of  the  vector 
for  the  first  year  of  the 
analysis  period  is  situ- 
ated at  the  origin  of  the 
graph,    which  repre- 
sents the  initial  year, 
while  the  terminating 
point  of  the   vector    is 
located  at  the  patent 

and  assignee  data  points  for  the  following  year, 
ing  to  a  particular   technology  are  placed  end 
the  result    is    a    dynamic   vectorial  pattern  of 
technology  over   the   time  period   of  interest. 


QUAD,  m- FULLY    MATURE 
OR  DECLINING 


QUAD. I- DEVELOPMENT 


YR.c  ™^ 

VuT-c) 


YR.e 
\ 


-JL 


f  -'YR.D 
YR.'d  (e-d) 


QUAD.  EST-  RESEARCH  OR 
PERFECTION 


FIG. 5-1 


When  the  vectors  pertain- 
-to-end,  as  in  Figure  5-1, 
the   rate   of  change   of  that 


The  quadrant  of  the  graph  towards  which  a  particular  vector  is  directed 
is  indicative  of  the  status  of  the  technology  as  of  the  end  of  the  year  repre- 
sented by  that  vector.  Table  5-2  presents  the  technological  trends  and 
the   concomitant  appraisals  indicated  by  each  quadrant. 
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Table  5-2:     TRENDS 


QUADRANT      PATENT  ACTIVITY 
OF  GRAPH 

I  Increasing 


COMPANY  ACTIVITY     APPRAISAL 


Increasing 


II 


III 


IV 


Decreasing /Stable  Increasing /Stable 


Decreasing /Stable  Decreasing 


Increasing 


Decreasing/ 
Stable 


Development 
Stage 

Research  or 
perfection  stage 

Fully  mature  or 
declining  stage 

Research  or 
perfection  stage 


To  ascertain  the  trends  indicated  by  the  vector  graphics,  the  relative 
magnitudes  and  directional  changes  of  the  vectors  are  compared  to  deter- 
mine the  degree  to  which  a  certain  vector  indicates  a  particular  trend. 
Vectors  with  proportionately  larger  magnitudes  provide  a  greater,  and 
therefore  more  certain,  indication  of  the  direction  of  technological  change 
than  vectors  of  relatively  small  magnitude. 

Equally  pertinent  is  the  relative  direction  of  the  vector.  The  amount  of 
angular  deviation  ■  by  a  vector  from  the  bisecting  line  of  a  quadrant  is 
indicative  of  the  degree  to  which  that  vector  denotes  a  particular  trend. 
Thus,  the  closer  a  vector  is  to  being  parallel  to  a  line  bisecting  a  particular 
quadrant  (i.e.  ,  being  directed  at  n-rr/4  degrees,  n  being  an  odd  integer)  the 
greater  the  accuracy  of  the  trend  appraisal  derived  from  the  quadrant 
towards  which  the  vector  is  directed. 
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Such  vector   analyses    can    be   extended  by   considering   the   probability   of 
the     vectors  crossing  and  forming   a    closed    pattern.  Figure    5-2    de- 

picts another  hypotheti- 
cal technological  trend 
vector  diagram  with  the 
vector     for     the     last 
period  of  interest,   year 
D,    intersecting  with  the 
first  vector,    which  re- 
presents the  first  year 
of  the  trend  analyzed. 
This    closing  of  vectors 
represents   the   return 
of    a   technology   to   a 
state  of  activity  it  had 
previously  occupied. 
Such  a   reversion  to  a 
prior   state   of    activity 
indicates  that  technol- 
ogy's strong  tendency 
toward  stability  or  to- 
ward maturity.    Where 
a  technology  is  not  re- 
verting to  a  previous  ac- 
tivity state,     as  indi- 
cated by   a   vector   pat- 
tern having   little  or  no 
probability  of  closing 
(e.  g.  ,    Figure  5-1),    a 
strong  tendency    toward 
development  by  vectors 


m 


znz: 


FIG. 5-2 


either    development    or   decline   is    suggested    -- 
directed  towards    Quadrant  I  and  decline  by  vec- 
tors directed  toward  Quadrant  III. 


The  vector  approach  described  is  used  for  analysis  of  the  Levels  3  and  4 
areas.  In  each  area  the  final  appraisal  is  reached  by  evaluating  the  quad- 
rants towards  which  the  vectors  are  directed,  the  relative  magnitude  and 
angle  of  the  vectors,    and  the  probability  of  vector  closing. 

Foreign  Activity  Data- 

For  patents  issuing  from  1967-June  1976,  the  country  of  origin  as  indi- 
cated by  the  residence  of  the  inventor  was  recorded.  Data  were  tabulated 
by  year  and  application  filing  date  of  these  patents  and  reported  as  total 
percent  foreign  in  each  year. 

This  information  is  useful  in  determining  the  position  of  the  United  States 
vis-a-vis  foreign  countries  in  this  technology.  It  is  used  in  this  analysis 
to  determine  the  foreign  activity  at  each  level  of  static  memory  systems 
for  two  time  periods. 
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Content  of  This  Section 

The  study  is  provided  in  two  Parts: 

Part  1   -    Patent  Analysis 

Part  2  -  Profiles  of  Level  3  and  4  Static  Memory  Technologies 

Part  1  begins  with  an  analysis  of  the  foreign  activity  in  this  area.  For 
each  technological  area  examined,  the  degree  of  foreign  activity  is  ex- 
pressed graphically  as  the  three  year  average  percent  foreign  of  all 
patented  applications  filed  in  a  given  area  over  two  time  periods,  1965-67 
and  1972-1974. 

Next,  for  the  broad  static  memory  area  and  for  each  component  tech- 
nology investigated,  patent  activity  and,  in  some  cases,  corporate  activity 
profiles  are  graphically  presented  and  analyzed.  Included  in  the 
analysis  is  a  brief  discussion  of  major  trends  and  an  appraisal  of  the 
technology. 

Following  this  appraisal  is  an  examination  of  the  specific  ownership  in 
the  several  technological  levels  and  areas  investigated  in  this  report. 

Part  1  concludes  with  a  comparison  of  the  results  of  this  analysis  with 
those  of  a  previously  published  forecast  in  the  area. 

Part  2  consists  of  a  series  of  examiner  reports  and  one  page  "mini- re- 
ports" that  conform  in  format  and  content  to  the  reports  presented  in 
Section  III.  For  a  detailed  description  of  this  format,  the  reader  is  re- 
ferred to  that  section. 

PARTI.     PATENT  ACTIVITY  ANALYSIS 

A.    FOREIGN  PATENT  ACTIVITY 

The  percentage  of  static  memory  patented  applications  granted  to  for- 
eign resident  inventors  at  each  level  of  this  technology  is  shown,  for  two 
time  periods,  in  Figure  5-3.  The  results  are  expressed  as  a  three  year 
average  percent  foreign  of  all  patented  applications  filed  in  a  given  area 
during  the  periods   1965-67  and  1972-74,    respectively. 


104 


—      o 


i 


<r> 


AVERAGE  PERCENT  FOREIGN 


en 


en 


01 


CO        ^ 


STATIC  MEMORY  SYSTEMS 


co 


co 

— i 
<-> 


at 
— * 


w 
ot 
u> 
■ 

ro 


P 


G">        ■* 


CO 
CO 

en 
J_ 

co 


co 

—j 

ro 

I 

CO 


*o> 


-4  -^ 

ro 


ro 
*0> 


ro 


MAGNETIC   MEMORY  SYSTEMS 


NONMAGNETIC  MEMORY  SYSTEMS 


MAGNETIC  CORE 


MAGNETIC  FILM 

MAGNETO    OPTICS 
SEMICONDUCTOR 

SUPERCONDUCTIVE 

FERROELECTRIC 
^OPTICAL 
CATHODE  RAY  TUBE 

1  PLANAR  FILM 


PLATED  WIRE 


MAGNETIC  BUBBLE 

m 


CHARGE  COUPLED  DEVICES 


DOMAIN  TIP 
PROPAGATION 


HOLOGRAPHIC 


105 


Appraisal 

The  striking  trend  seen  in  Figure  5-3,  is  the  dramatic  increase  in  foreign 
activity,  over  the  seven  year  span  studied,  at  every  level  and  for  every 
area  except  superconductive  and  domain  tip  propagation  memories, 
where  the  foreign  share  showed  a  decrease  during  this  period.  For  the 
broadest  level,  all  static  memory  systems  combined,  foreign  activity 
increased  from  20  to  33%  --  a  level  slightly  less  than  the  1972-74  average 
of  34.4%  for  all  technologies  combined. 

When   one    looks    at    more    detailed   levels    in   this    technology   the    results 
are    more  striking.       Magnetic  core,    plated  wire,     ferroelectric,    optical, 
and  holographic  static  memory  systems  all  showed  an  increase  in  foreign 
activity   to  a  greater   than  average    level   in   the  seven  year  period. 

In  five  areas  -  magnetic  bubble,  magneto  optics,  charge  coupled  devices, 
holographic  and  cathode  ray  tube  static  memories  -  no  foreign  activity 
was  observed  for  the  period  1965-67.  However,  each  showed  signif- 
icant foreign  activity  in  the  more  recent  three  year  period.  For  holo- 
graphic static  memories,  foreign  activity  increased  to  54%  of  all  pat- 
ented applications. 

These  data  suggest  that,  with  the  exception  of  superconductor  and  domain 
tip  propagation  static  memory  systems,  the  percentage  of  foreign  activity 
throughout  this  area  can  be  expected  to  increase.  Broadly,  static  mem- 
ories may  still  be  considered  to  be  essentially  a  U.  S.  technology.  How- 
ever, unless  there  has  been  a  significant  decrease  in  the  propensity  of 
U.S.  corporations  to  patent  their  technological  advances,  the  trends  in 
patenting  in  several  specific  component  areas  of  static  memory  systems 
tend  to  indicate  that  the  U.  S.  has  lost  its  lead.  In  addition,  the  U.  S. 
appears  in  danger  of  losing  its  technological  edge  in  other  specific  areas, 
as  well. 


106 


B.    PATENT  AND  CORPORATE  PROFILES 

Level  1 :    Static  Computer  Memory  Systems 

Figure  5-4  illustrates  the  patent  activity  in  the  entire  area  of  static  com- 
puter memory  systems  in  two  plots.  The  first  shows  the  number  of  patented 
applications  filed  in  the  areaby  year  from  1965-1973.  The  secondshows  the 
activity  as  a  percentage  of  total  patented  applications  filed  in  all  tech- 
nologies, by  year,  from  1965-1974.  The  additional  year  is  given  in  the 
percentage  plot  because,  while  the  actual  patented  application  filing  data 
for  1974  are  incomplete,  enough  data  are  available  to  give  confidence  in  the 
percentage  relationships. 
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Appraisal 

The  number  of  patented  applications  varied  from  a  high  of  418  in  1965  to 
a  low  of  277  in  1968,  and  averaged  343.9  over  the  nine  years  investi- 
gated. On  a  percentage  basis,  these  patents  represented  an  average  of 
0.  55%  of  all  patented  applications  granted  from  1965-1974;  the  high  being 
0.  76%  in  1965  and  the  low  being  0.44  in  1968. 
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Level  2:       Magnetic   and    Nonmagnetic    Static    Computer    Memory   Systems 

The  relative   patent   activity   of   the   two   divisions  of   static  memory  areas 
-  magnetic  and   nonmagnetic    -  are  analyzed   and  compared  in  Figure  5-5. 
The  data   are    expressed    as     the   percent    of    all    static    memory   patented 
applications  for  each  year  from  1965-1974. 


66  67 

YEAR 
FIG. 5-5  ••  RELATIVE  PATENT  ACTIVITY  OF  MAGNETIC    AND 
NONMAGNETIC    COMPUTER  MEMORIES 


1974 


Appraisal 

The  most  notable  trend  is  the  changing  emphasis  from  magnetic  to  non- 
magnetic static  memories  over  the  10  years  investigated.  In  1965  nonmag- 
netic static  computer  memories  accounted  for  only  about  36%  of  these 
memory  patents.  This  increased  dramatically  in  the  following  decade  to 
about  65%  in  1974. 
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■VECTOR  ANALYSES- 


The  assessments  of  the  technological  trends  of  the  Level  3  and  4  areas 
which  follow,  utilize  the  vector  analysis  techniques  previously  explained. 
The  raw  data  used  in  these  analyses  may  be  found  in  Table  5-4  at  the 
end  of  Part  1  of  this  study. 

Level  3:      Components    Of  Magnetic  and    Nonmagnetic  Static  Memory  Sys- 
tems 


a.      Magnetic  Memory  Components 

(1)    Magnetic    Core  -  Magnetic  core 
memory    system    technology     is 
clearly  in  a  state  of  maturity  and 
decline.    As    shown  in   Figure   5-6, 
all  of  the  vectors   (1969-1972),    ex- 
cept for  the    relatively   small  1972- 
1973  vector,    are   directed  towards 
Quadrant  III  of  the   graph.     Noting 
Table   5-2,    this  indicates   a  fully 
mature  or  declining  stage  for  mag- 
netic core   memories.    The  indica- 
tion by   the    1972-1973    vector   of  a 
Quadrant  II  research  stage  can  be 
discounted  because  of  this  vector's 
relatively   small  magnitude    (less 
than  20%  of  the  1971-1972  vector). 


n 

^ASSIGNEES 

I 

A PATE  NTS 

_^-^r-^9-70 

*"  70-71 

J7\-72 

72 -73V 

TEL 

H 

FIG.5-6:MAGNETIC  CORE 


The  absence  of  any  indication  of  probable  crossing  by  the  vectors  is  indica- 
tive of  either  development  or  decline.  Taken  in  conjunction  with  the 
assessment  basedupon  vector  direction  and  magnitude,  the  final  appraisal 
is  a  state  of  maturity  and  decline  for  magnetic  core  memory  technology. 

(2)    Magnetic    Film  -    Magnetic   film 
static    memory    systems    are    as- 
sessed to  be  in  a  fully  mature  and 
declining  stage.       As  shown  in  Fig- 
ure  5-7,    the    1972-1973   vector, 
which  has  a  greater  magnitude   than 
all   three  preceeding  vectors  com- 
bined,   is  directed  towards  Quad- 
rant III.     Noting  Table  5-2,    this 
indicates     a    fully  mature    or    de- 
clining   stage.     However,    the   large 
angular    deviation    of  this    vector 
from   Quadrant   Ill's    bisecting   line 
tends    to   reduce    confidence  in  this 

appraisal. 

\ 


FIG.  5-7:  MAGNETIC  FILM 
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Yet,  the  crossing  of  the  1972-1973  vector  with  both  the  1969-1970  and  the 
1970-1971  vectors  indicates  a  high  degree  of  stability  or  maturity  having 
been  reached  by  this  technology.  This  indication,  in  conjunction  with  the 
assessment  based  upon  vector  direction  and  magnitude,  leads  to  the  con- 
clusion that  magnetic  film  memory  systems  are  in  a  fully  mature  and  de 
dining  stage. 


(3)    Magneto    Optic  -    Magneto  optic 
static    memory    technology   is    as- 
sessed to  be  in  a  stable  research 
or  perfection  stage.       As  shown  in 
Figure    5-8,    the    1972-1973    vector 
is  directed  towards  Quadrant  II  of 
the  graph.     Noting  Table  5-2,    this 
indicates    a    research   or   perfection 
stage    for    this    technology.      Since 
the  1972-1973    vector   is    larger   in 
magnitude    than  the    average    of  the 
three    preceeding    vectors,     and 
since    the   amount  of  this   vector's 
angular    deviation    from    Quadrant 
II1  s    bisecting    line    is     relatively 
small,    the    confidence    level  of  the 
appraisal  arrived  at  through  anal- 
ysis of  the  vector's  Quadrant  direc- 
tion  is    indicated   to   be    relatively 
high.      . 
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FIG. 5-8:  MAGNETO  OPTIC 


The  crossing  of  the  1971-1972  vector  with  the  1969-1970  vector  indicates 
a  stable  or  mature  stage  having  been  reached  by  this  technology.  There- 
fore the  research  or  perfection  stage  assessment  derived  above  is  modi- 
fied to  a  stable  research  or  perfection  stage. 

b.     Non- Magnetic  Memory  Components 

Five  of  the  more  important  types  of  nonmagnetic  static  memory  systems 
were  considered.  These  are:  semiconductor,  superconductor,  ferro- 
electric,   optical  and   cathode  ray   tube    type  memory  systems. 

(1)    Semiconductor  -Semiconductor  static  memory  technology  is  assessed 
to  be    in  a  mature  and  declining    state.      From    1968-1970    the    number    of 
patented   applications  in   this  area  increased  dramatically  from  42  to  lOo. 
From    1970-1973  the  patenting  level  was  the  highest  of  any  memory  system 
studied;   however,    it  decreased   gradually  to  a  level  of  92  patents  in  1973. 
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The  vector   diagram  of  Figure   5-9 
shows    the    1972-1973    vector   to  be 
directed  toward  Quadrant  III.    Not- 
ing Table  5-2,   this  indicates  a  fully 
mature    or    declining    state.       The 
relatively  large  magnitude  of  this 
vector    (larger  than  the  1970-1971 
and    the    1971-1972    vectors    com- 
bined)  in   conjunction  with  the  close 
angular  proximity  of  the  vector  line 
to   Quadrant   II' s    bisecting  line,    in- 
dicate  a    relatively  high  confidence 
level  for  this    prediction.    However, 
the  complete  absence  of  other  vec- 
tors directed  towards  Quadrant  III 
diminishes  the  confidence  in  the  de- 
clining   state    portion    of    the    as- 
sessment. 
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FIG. 5-9-  SEMICONDUCTOR 


The   crossing  of  the     1969-1970 

vector    by    both    the     1970-1971 

and    the    1972-1973   vectors   is    strongly  indicative   of  the   stable  or  mature 

state  of  this    technology.     Taken  in  conjunction  with  the   assessment  based 

upon  vector    direction  and    magnitude,     the    final  appraisal  is   modified  to 

mature  and  declining  for  semiconductor  static  memories. 


(2)    Optical  -  Optical  memory  tech- 
nology   is    assessed    to    be    in    a 
state  of  development.     As  shown  in 
Figure    5-10,    both  the    1971-1972 
and  the    1972-1973   vectors  are  di- 
rected towards    Quadrant  I    of  the 
graph.      Noting  Table  5-2,   this  in- 
dicates   a     development    stage  for 
the   technology.     Confidence  in  this 
assessment    is    supported  by    the 
magnitude   of  these   vectors  --they 
are  larger   than  the   average   of  the 
four    vectors    --    and    by    their  al- 
most uniform  angle  of  direction. 

The   absence   of  any   indication   of 
probable    closing  by   the   vectors 
is   indicative   of  either   develop- 
ment  or   decline.     In  view  of  the 
assessment  based  upon  the   vec- 
tor's quadrant  direction  and  magnitude,    the  appraisal  is  a  stage  of  devel- 
opment for  optical  memory  technology. 
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(3)  Superconductor  -  Superconductor  static  memory  technology  is  assess- 
ed to  be  in  a  state  of  research  and  development.  From  1969  through  1973 
the  number  of  patented  applications  or  different  assignees  in  this  area 
was  never  greater  than  5,  and  year  to  year  differences  (change  in  number  of 
assignees  or  patents  )never  exceeded  3.  The  number  of  different  assignees 
continuously  declined  from  1970-1973.  In  1972-1973,  one  company  was 
assigned  all  four  of  the  patented  applications  in  this  area.  The  small 
changes  in  patenting  presented  seemingly  random  fluctuations. 

The  assessment  for  this  technology  is  made  with  the  realization  that  ran- 
dom statistical  fluctuations  in  conjunction  with  the  relatively  small  amount 
of  data  for  each  indicator,  may  have  unduly  affected  the  trend  indicators 
upon  which  this  assessment  is  based.  This  assessment  is,  however,  pre- 
sented to  provide  the  most  viable  technology  assessment  based  upon  the 
present  patent  data. 

The    vector     diagram    of    Figure  5- 
11     shows    the    1972-1973    vector   to 
be  directed  towards  Quadrant  IV  of 
the  graph.    Noting    Table   5-2,    this 
indicates    a   research  or  perfection 
stage.       This    conclusion    does  have 
positive    indicators    of    reliability 
since   the    1972-1973   vector   is    of 
average   magnitude   as    compared 
to  the  other  vectors    of  the  graph; 
and,    in  addition,   this  vector  is  in 
angular  proximity  to  Quadrant  IV  s 
bisecting  line. 

As  no  vector    shows    any   probability 
of  crossing  with   any  other  vector, 
a  stage  of  development  or  decline  is 
indicated.      Consequently,    the    re- 

search  or  perfection  stage  assess-        F,  G.  5_  ,  I  =  SUPERCONDUCTOR 

ment  derived  from  the    1972-1973 

vector's    direction,    is    modified  to 

an  assessment  of  a  state  of  research  and  development  for  superconductor 

memory  technology. 
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(4)    Ferroelectric    -    Ferroelectric 
static    memory    technology   is    as- 
sessed to  be  in  a  fully  mature  and 
slightly   declining  state.       As  shown 
in   Figure  5-12,   the  1972-1973  vec- 
tor is  directed  towards  Quadrant  III 
of  the    graph.       Noting    Table    5-2, 
this    indicates    a    fully    mature    or 
declining    state.      The   confidence 
level  of  this  conclusion  is  reduced, 
however,    since   the  1972-1973  vec- 
tor  is   of  smaller   magnitude   than 
any  of  the  prior  vectors,    and  since 
the  preceeding   large    vectors    for 
1969-1970  and   1971-1972  are   di- 
rected toward  Quadrant  I,    indicat- 
ing  development. 


FIG.  5-12  =  FERROELECTRIC 


The  crossing  of  the  1969-1970  vector  by  the  1971-1972  vector  provides 
an  indication  of  the  stable  and  mature  nature  of  this  technology.  Conse- 
quently, the  fully  mature  or  declining  state  assessment  derived  from  the 
1972-1973  vector's  direction  is  modified  to  an  assessment  of  a  fully  mature 
and  slightly  declining  state  of  technology  for  ferroelectric  memory  tech- 
nology. 

(5)    Cathode     Ray     Tube    -    Cathode 
ray  tube  static  memory  technology 
is   assessed  to  be   in  a  declining 
state.      As     shown  in   Figure   5-13, 
all  the   vectors   from   1970-1971 
through  1972-1973  are  directed  to- 
wards   Quadrant   III  of  the    graph. 
Noting  Table  5-2,    this  indicates  a 
fully  mature  or  declining  state  for 
this  technology.     Reaffirming  this 
conclusion  is    the   large  magnitude 
of  the    1972-1973   vector    (the    1972- 
1973    vector   is    greater  than  twice 
the  magnitude  of  any  previous  vec- 
tor) and  this  vector's  almost  paral- 
lel position  relative  to  the  bisect- 
ing line  of  Quadrant  III. 

As  no  vector  shows  any  probability 
of  crossing  with  any  other  vector, 
a  stage  of  development  or  decline  is  indicated.  Consequently,  the  assess- 
ment ofafully  mature  or  declining  state,  derived  from  the  vector's  direc- 
tion and  magnitude,  is  modified  to  an  assessment  of  a  declining  state 
for    cathode    ray  tube  memory  technology. 
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FIG. 5-14:  MAGNETIC    BUBBLE 


Level  4;    Magnetic  and  Nonmagnetic  Subcomponents 

a.      Magnetic  film  subcomponents 

Appraisal 

(1)  Magnetic  Bubble  -  Magnetic 
bubble  static  memory  technology 
is  assessed  to  be  in  a  state  of  de- 
velopment and  research.  As  shown 
in  Figure  5-14,  all  the  vectors  pre- 
ceeding  the  1972-1973  vector  are 
directed  towards  Quadrant  I.  Not- 
ing Table  5-2,  this  indicates  contin- 
uous development  of  this  technology. 
However,  the  1972-1973  vector  is 
directed  towards  Quadrant  II  with  a 
minute  inclination  toward  Quad- 
rant III,  indicating  a  change  to  a 
state  of  research  or  perfection. 
The  confidence  level  of  this  as- 
sessment is  supported  by  the 
substantially  larger  magnitude  of 
this  vector  than  that  of  any  vector  preceeding  it.  However,  reducing  con- 
fidence in  this  conclusion  is  the  approximately  horizontal  nature  of  the 
1972-1973  vector.  This  large  angular  deviation  from  the  45  degree  bisection 
line  of  Quadrant  II  minimizes  the  degree  of  reliability  of  the  appraisal 
arrived  at  by  study' of  the  vector  direction. 

As  no  vector  shows  any  probability  of  crossing  with  any  other  vector,  a 
stage  of  development  or  decline  is  indicated.  Consequently,  the  develop- 
ment/research stage  assessment  derived  from  vector  direction  and  magni- 
tude is  indicated  to  be  a  relatively  reliable  appraisal  of  this  state  of  mag- 
netic bubble  memory  technology. 

(2)  Plated  Wire  -    Plated   wire 
memory   technology  is  assessed  to 
be  in  a  mature  and  declining  state. 
As  shown  in  Figure  5-15,    all  of  the 
vectors,    from  the  1970-1971  vector 
through   the    1972-1973    vector,    are 
directed  towards  Quadrant  III.     Not- 
ing Table  5-2,  this  indicates  afully 
mature  or  declining  state  for  this 
technology.      The  magnitude  and  the 
direction  of  these  vectors  clearly 
support  this  appraisal. 
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As  no  vector  shows  any  probability  of  crossing  with  any  other  vector,  a 
state  of  decline  or  development  is  indicated.  Consequently,  the  mature 
and  declining  stage  assessment,  derived  from  the  vectors'  direction  and 
magnitude,  is  indicated  to  be  a  high  confidence  level  appraisal  of  the  state 
of  plated  wire  memory  technology. 


(3)    Planar    Film   -    Planar    film 
memory  technology  is  clearly  in  a 
mature    and  declining   stage.      As 
shown  in    Figure    5-16,    all  the  vec- 
tors,    from    the    1969-1970  vector 
through    the     1972-1973     vector, 
are   directed  towards  Quadrant  III 
of  the   graph.     Noting    Table   5-2, 
this  indicates  a  fully  mature  or  de- 
clining   stage   of  the    technology. 
The  magnitude  of  these  vectors  and 
their  small  angular   deviation  from 
Quadrant    Ill's     bisecting    line, 
clearly  support  this  assessment. 

Since  the  vectors  show  no  probabil- 
ity of  crossing,   a  state  of  decline 
or  development  is  indicated.    Conse- 
quently,  the  assessment  of  a  fully 
mature  or  declining  stage,   derived 

from  the   vectors'    direction  and  magnitude,   is  indicated  to  be  a  high  con- 
fidence  level  assessment  of  the   state  of  planar   film  memory  technology. 
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FIG. 5-16:  PLANAR    FILM 


(4)  Domain  Tip  Propagation  -  No  assessment  of  the  state  of  this  technology 
is  made.  As  the  vector  data  listed  in  Table  5-4  show,  the  statistics 
are  inadequate  to  provide  a  viable  assessment  for  domain  tip  propagation 
memory  systems. 
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b.    Semiconductor  And  Optical  Subcomponents 

(1 )  Charge  Coupled  Devices  - 
Charge  coupled  static  memory 
technology  is  assessed  to  be  in  a 
state  of  research  and  development. 
Figure  5-17  shows  the  1972-1973 
vector  to   be    directed    toward 
Quadrant  IV    of    the    graph.     Not- 
ing Table  5-2,   this  indicates  a  re- 
search or  perfection  state  of  the 
technology.      The  confidence  level 
of  this    conclusion   is    reduced, 
however,   because  of  this  vector's 
smaller   than  average  magnitude, 
large  angular  displacement  from 
Quadrant  IV s   bisecting  line,   and 
the  comparatively  large  1969-1970 
and      1970-1971    vectors    which 
are    directed    toward  Quadrant  I, 
indicating  a   developing  stage   for 
the   technology.    These  conflicting 
elements    indicate  a  small  overall  development   phase   for    this    technology. 


FIG. 5-17:  CC  D 


Since  the  vectors  showno  probability  of  crossing,  a  state  of  development  or 
decline  is  indicated.  Taken  in  conjunction  with  the  assessment  derived 
from  the  vectors'  direction  and  magnitude,  a  research  and  development 
stage  is  indicated  for  charge  coupled  memory  technology. 


(2)  Holographic    -    Holographic 
memory  technology  is   assessed 
to  be   in  a  state  of  decline.     Figure 
5-18  shows  the  1972-1973  vector  to 
be  directed  towards  Quadrant  III  of 
the  graph.     Noting  Table  5-2,   this 
indicates  a  fully  mature  or  declin- 
ing stage   for   this   technology.     The 
length  of  the    1972-1973  vector  be- 
ing   larger   than  that  of  any  other 
vector   in  the    graph  is  indicative 
of    a    high    confidence    level  for 
this    assessment.       However,    the 
1971-1972    vector   is    noted,     to    be 
contraindicative.         It   is    directed 
towards  Quadrant  I,    indicating  de- 
velopment; has  a  magnitude  only 
slightly  smaller  than  that  of  the 
1972-1973   vector;  and  is  almost 
parallel   to    the   bisecting   line   of 
Quadrant  I. 
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As  the  vectors  show  no  probability  of  crossing,  a  state  of  development  or 
decline  is  indicated.  Taken  in  conjunction  with  the  assessment  of  fully 
mature  or  declining  derived  from  the  1972-1973  vector  direction  and 
magnitude,  an  appraisal  of  a  declining  technology  is  indicated  for  holo- 
graphic memory  system. 

-  DISCUSSION  - 

As  previously  indicated,  one  of  the  reasons  for  selecting  static  memory 
technology  for  review  was  the  existence  of  a  computer  memory  techno- 
logical forecast  with  which  results  of  this  patent  analysis  could  be  com- 
pared. This  forecast  was  prepared  in  1973  by  the  MITRE  Corp.  for 
the  Canadian  government,  and  covered  memory  systems  which  were  in 
existence  or  likely  to  be  developed  by  1985.  Using  available  books  and 
papers,  expert  opinion  and  known  limitations  on  switching  speeds  of  the 
various  memory  materials,  the  forecast  gives  an  estimate  of  the  proba- 
bility that  each  memory  system  will  be  in  commercial  production  in  1985. 

The  results  of  this  patent  analysis  and  the  MITRE  study  are  compared  in 
Table  5-3   (next  page)  for  most  Levels  3  and  4  areas  considered. 

In  most  cases   the  patent  data  supported  the  trend  indicated  in  the   MITRE 
report.    This    is     especially    true    regarding    the    decline  of  magnetic  core, 
planar  film  and  plated  wire  technologies. 

Holographic,  ferroelectric,  semiconductor  and  cathode  ray  tube  static 
memory  systems  are  indicated,  by  vector  analysis,  to  be  in  a  different 
state  of  development  than  that  presented  in  the  MITRE  report. 

For  holography,  vector  analysis  indicates  a  state  of  decline  while  MITRE 
reports  a  state  of  research  and  development.  However,  the  MITRE  report 
also  indicated  that  holographic  memory  systems  have  many  difficult  prob- 
lems to  solve  and  only  limited  probable  use  by  1985  is  projected. 

For  ferroelectric  memories,  MITRE  reported  a  state  of  research  and  de- 
velopment while  the  vector  analysis  indicated  a  fully  mature  and  slightly 
declining  state.  Yet,  MITRE  also  reported  that  no  significant  use  is  ex- 
pected for  such  memory  systems. 

MITRE  reports  semiconductor  memory  systems  to  be  in  a  state  of  devel- 
opment while  the  vector  analysis  indicates  a  mature  and  declining  tech- 
nological phase.  It  is  noted,  however,  that  such  systems  are  presently 
in  commercial  production  and  use,  tending  to  indicate  the  mature  status 
of    this    technology. 

The  vector  analysis  for  cathode  ray  tube  memories  indicates  a  state  of 
decline  while  MITRE  reports  a  state  of  research  or  perfection.  Thus, 
the  cathode  ray  tube  memory  system  assessment  is  the  only  one,  of  the 
14  memory  areas  analyzed,  which  is  fully  contraindicative  to  the  MITRE 
report  and  for  which  there  is  no  basis  presently  avaiable  for  confirmation 
or   denial. 
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TABLE  5-3:  COMPARISON  OF  ASSESSMENT  RESULTS 
TECHNOLOGY  PHASE 

Patent  Analysis  MITRE  Report 

Mature  and  Declining  Declining 

Stable  Research  or  Perfection     Research  and  Development 


Magnetic  Core 
Magneto  Optics 
Semiconductor 

Superconductor 

Ferroelectric 

Cathode  Ray  Tube 

Planar  film 

Plated  wire 

Magnetic  Bubble 

Domain  tip  pro- 
pagation 


Charge  coupled 
devices 

Holographic 


Mature  and  Declining 
Research  and  Development 


Fully  Mature  and  Slightly 
Declining 

Declining 

Mature  and  Declining 

Mature  and  Declining 

Research  and  Development 

(No  assessment  due  to 
absence  of  adequate  statis- 
tics) 

Research  and  Development 
Declining 


Development;  with  increased 
use  forecasted 

Laboratory  curiosity; 
commercial  production  doubt- 
ful 

Research  and  development; 
no  significant  use  expected 

Research  or  perfection 

Declining 

Declining 

Research  and  development 

Research  and  development 


Research  and  development 


Research  and  development; 
many  difficult  problems  to 
solve,    limited  probability 
will  be  in  use  in  1985 
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This  is  not  to  say  that  patent  activity  data  can  replace  in-depth  forecast 
reports  such  as  the  MITRE  study.  The  latter  provides  more  extensive 
information  on  a  broader  base  than  patent  activity  information  alone  can 
provide.  These  in  depth  forecasts,  however,  generally  cost  many  thousands 
of  dollars  and  are  affordable  only  by  governments,  large  corporations  and 
research  organizations. 

On  the  other  hand,  patent  activity  data,  such  as  used  in  this  study,  pro- 
vide useful  information  about  the  state  of  a  technology  (e.  g. ,  overall 
activity,  foreign  activity,  corporate  ownership,  interest)  at  relatively  low 
cost.  In  addition,  the  patent  literature  can,  again  at  low  cost,  provide 
extensive  substantive  information  about  technological  developments  of  the 
type  presented  in  the  following  Part  II  --information  sometimes  available 
from  no  other  source. 

C.     CORPORATE  OWNERSHIP 

What  firms  are  obtaining  patents  in  static  memory  technologies?  They 
vary  from  among  the  largest  corporations  in  the  world  to  very  small  com- 
panies with  one  or  two  patents  in  the  field.  Approximately  450  different 
corporations  were  recorded  as  having  obtained  at  least  one  patent  since 
1969,  but  most  of  the  patenting  is  done  by  relatively  few  companies.  For 
example,  the  top  25  companies  (6%)  account  for  30.  0%  of  all  the  patenting 
in  this  area.  The  top  nine  firms  (2%)  alone  account  for  22.  0%,  or  over 
one  fifth  of  all  the  patenting  in  static  memory  systems. 

The  ownership  pattern  of  these  nine  largest  firms  in  some  of  the  tech- 
nological areas  considered  in  this  Section  is  examined  in  detail  in  Figure 
5-19  (next  page).  The  results  are  expressed  as  the  percent  share  of  all 
patents  within  the  technology;  and,  as  was  done  in  the  preceeding  sections, 
the  data  are  analyzed  on  broad  levels  --  magnetic  and  nonmagnetic  areas 
--as  well  as  component  and  subcomponent  levels. 

The  most  dominant  firm  in  these  areas  in  terms  of  total  number  of  patents 
obtained  was  the  International  Business  Machine  Corp.  IBM  was  followed 
by  Bell  Telephone  Laboratories  Incorporated,  Sperry  Rand  Corp. ,  RCA 
Corp.  ,  General  Electric  Corp.  U.  S.  Phillips  Corp.  ,  Siemens  Aktiengesell- 
schaft,    Burroughs  Corp.   and  Honeywell  Inc. 

These  firms  do  not  all  have  similar  interests,  however,  for  if  one  con- 
siders patenting  in  specific  areas,  differences  are  noted.  While  IBM  owns 
most  of  the  nonmagnetic  memory  patents,  Bell  Telephone  Laboratory 
owns  most  of  the  magnetic  area  patents.  The  latter  is  most  dominant  in 
the  magnetic  film  area  and  particularly  in  magnetic  bubble  type  memories, 
owning  48%  of  all  these  patents.  IBM  leads  in  all  other  areas  shown  in 
the  Figure,  except  charge  coupled  device  memories,  in  which  the  General 
Electric  Corp.   is  the  leading  patent  holder. 
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Table  5-4:   VECTOR  ANALYSES  DATA 


NUMBER  OF 

PATENTED  APPLS. 

NUMBER  OF 

ASSIGNEES 

STATIC  MEMORY  SYSTEMS 

69 

70 

71 

72 

73 

69 

70 

71 

72 

73 

MAGNETIC  CORE 

75 

57 

40 

29 

27 

40 

35 

34 

16 

18 

MAGNETIC  FILM 

8A 

92 

102 

107 

65  I 

32 

37 

32 

37 

33 

MAGNETIC  OPTIC 

18 

20 

24 

15 

13 

10 

10 

13 

7 

12 

SEMICONDUCTOR 

86 

106 

101 

101 

92 

40 

38 

38 

42 

36 

OPTICAL 

54 

52 

58 

60 

61 

32 

28 

28 

32 

39 

SUPER  CONDUCTOR 

3 

5 

3 

2 

4 

2 

5 

3 

2 

1 

FERROELECTRIC 

8 

15 

13 

14 

11 

5 

10 

7 

11 

10 

CATHODE  RAY  TUBE 

11 

15 

13 

11 

5 

9 

11 

9 

8 

3 

MAGNETIC  BUBBLE 

19 

36 

69 

80 

46 

3 

6 

16 

20 

19 

PLATED  WIRE 

25 

39 

21 

16 

10 

15 

23 

13 

13 

8 

PLANAR  FILM 

37 

17 

13 

6 

5 

20 

15 

10 

6 

4 

DOMAIN  TIP  PROPAGATION 

2 

0 

0 

4 

3 

2 

0 

0 

2 

3 

CHARGED  COUPLED  DEVICES 

2 

9 

9 

8 

11 

2 

4 

7 

8 

7 

HOLOGRAPHIC 

16 

12 

10 

17 

9 

8 

7 

6 

11 

9 
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SECTION  V  -  COMPUTER  MEMORY  COMPONENTS 

-  PART    II  - 
Review  Of  Selected  Memory  Technologies 
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MAGNETIC  CORE  MEMORIES 

Computer  memories  containing  toroidal  core  memory  elements  which  are  switchable 
between  two  stable  states  of  magnetic  remanence.  In  a  typical  arrangement,  known  as 
3  wire  3D,  the  cores  are  arrayed  in  a  plurality  of  matrices,  known  as  mats,  having 
core  elements  arranged  in  rows  and  columns.  These  cores  are  provided  with  drive 
lines  for  storage  of  information  and  sensing  lines  for  reading  information.  (Class  340, 
selected  patents) 

Activity  Indices  (1974-1976E) 

Growth  (10  year  base)       8.7%  Corporate  Owned         87.2% 

Foreign  Share  34.  6%  Government  Owned       2.  6% 

Recent  Activity 

Recent  patent  activity  has  been  directed  to  reading  out  the  information  stored  by  the 
magnetic  core  memory,  with  ancillary  emphasis  on  noise  cancellation  during  the  reading 
process.  Activity  also  has  focused  on  geometric  arrangements  of  the  core  and  drive 
lines.    Patents  issued  since  January  1973  include: 

3,  924,  250  -  Magnetic  Core  Matrix  and  Winding  Pattern  for  Mass  Core  Memory  (Ngo, 
Litton  Systems,  Inc.  )  -  Discloses  a  mass  core  memory  having  a  plurality  of  magnetic 
core  matrices  in  which  the  x-axis  word  wires  and  y-axis  digit  wires  are  paired  and 
interwoven  with  periodic  double  cross -over  regions  so  that  a  continuous  sense  wire 
can  be  easily  threaded  through  selected  memory  core  at  the  word  and  digit  wire  inter- 
sections.   These  winding  patterns  eliminate  cross  coupling  and  cancel  delta  noise. 

3, 924,  248  -  Non  -  Destructive  Read  Out  Magnetic  Core  Memory  Apparatus  Having 
Linear  Hysteresis  Loop  Noise  Cancelling  Core  (Kobayashi  et  al,  Fuji  Electrochemical 
Co.  ,  Ltd.  )  -  Discloses  a  device  for  supplying  a  cancelling  voltage  of  a  binary  1  or 
0  to  the  sense  lines  in  order  to  retain  the  memory  state  of  the  core  before  the  magnetic 
flux  change. 

3,  922,  653  -  Ring  Core  Memory  Arrangement  (Lighthall  et  al,  GTE  Automatic  Electric 
(Canada)  Ltd.  )  -  Discloses  a  word  ring  core  memory  arrangement  having  word  wires 
threaded  around  some  cores  of  a  module  for  bit  1  and  around  others  for  bit  0. 
A  current  ramp  pulse,  from  a  selected  memory  driver  through  a  word  wire  to  a 
selected  memory  switch,  produces  an  output  in  sense  windings  on  the  cores  with  bit 
1.  The  current  ramp  is  produced  by  two  generators,  one  on  the  driver  side  and 
one  on  the  switch  side. 

3,  905,  926    -    Large,    High  Speed  Two   Dimensional  Core    Memory    (Sell,    Ampex  Corp.  ) 

-  Discloses  a  large  planar  core  memory  utilizing  highly  stable,  high  density  cores 
which  are  connected  in  a  two  dimensional  configuration  having  a  read- write  cycle  below 
400  nsec,  for  18  mil  OD  cores,  and  as  low  as  150  nsec,  for  13  mil  OD  cores.  The 
arrangement  is  such  as  to  eliminate  the  need  for  temperature  compensating  circuitry. 

3,  878,  543  -  Sensing  Circuit  For  Use  in  Core  Memory  (Yoshida,  Hitachi,  Ltd.  )  - 
Discloses  a  core  memory  sensing  circuit  capable  of  producing  a  read-out  output  higher 
than  a  predetermined  level  independently  of  the  distance  between  the  core  and  the  sense 
amplifier.  The  sense  lines  passing  through  magnetic  cores  have  near-ends  connected 
with  an  amplifier  and  with  first  termination  resistors  and  far -ends  connected  with 
second  termination  resistors. 

3,  864,  672  -  Matrix  Store  Wiring  Pattern  (Ingelaere,  U.  S.  Philips  Corp.  )  -  Discloses 
a  memory  having  magnetic  elements  arranged  in  columns  and  rows,  forming  two  fields. 
Each  of  two  sense-inhibit  wires  couples  one  half  of  the  columns  and  the  wires  cross  each 
other  between  the  two  adjacent  fields  in  the  column  direction.  All  elements  of  a  field 
are  oriented  along  a  single  diagonal;  adjacent  fields  in  rows  are  oriented  in  two  different 
diagonals;  and    adjacent  fields    in   columns    are   oriented    in  a   single  diagonal. 

3,  825,  907  -  Planar  Core  Memory  Stack  (Sell  et  al,  Ampex  Corp.  )  -  Discloses  a  planar, 
pluggable  core  memory  stack  having  variable  word  and  bit  length.  The  stack  includes 
a  single  printed  circuit  board  having  symmetrical  plug  connectors  and  printed  circuits 
permitting  either  a  first  size  memory  on  one  side  or  different  size  memory  on  the 
other  side. 

3,  824,  569  -  Matrix  Store  Incorporating  Noise -Balancing  (Schuur,    U.  S.    Phillips  Corp.  ) 

-  Discloses  a  three-wire  matrix  storage  system  in  which  signal  amplifiers  are  con- 
nected to  the  center  of  two  sense  wires.  Noise  caused  by  the  x-selection  current  wire 
is  balanced  by  a  similiar,  opposed  noise  on  a  second  x-selection  current  wire,  so 
that  both  sense  wires  pick  up  the  same  noise.  Y-selection  currents  are  balanced  in 
a  similiar  manner. 

3,711,839  -High  Density  Core  Memory  Matrix  (Sell  et  al,  Ampex  Corp.)  -  Discloses 
a  memory  arrangement  where  the  cores  are  closely  spaced  together  along  the  longi- 
tudinal axes,  facilitated  by  orienting  the  cores  at  the  maximum  acute  angle  with  respect 
to  the  longitudinal  axis  consistent  with  proper  passage  of  latitudinal  drive  lines. 
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DISTRIBUTION   OP  PATENTS    IN   AREA   OP    INTEREST 


BY  PATENT  GRANT  DATE 


1967 

68 

69 

70 

71 

72 

73 

74 

75 

TOTAL  PATENTS 
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74 

42 

36 

32 
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25 
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7  16  16 

73 

28 

1 

49 
25 

28 
14 

1 

25 
11 

3 

16 
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16 
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12 

7 

16 

12 

7 

9 

4 

2 

3 
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2 

4 

3 

9 

8 

13 

2 

3 
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FRANCE 

3 

8 

6 

1 

1 

1 

NETHERLANDS 

1 

2 

4 

2 

3 

1 

2 

SWEDEN 

1 

2 

2 

1 

1 

SWITZERLAND 

3 

1 

1 

1 

2 

1 

CANADA 

1 

1 

2 

1 

3 

USSR 

1 

2 

3 

ALL  OTHER  (6) 

2 

1 

3 

3 

1 

10 

10 


BY  PATENT  APPLICATION  FILING  DATE 


TOTAL 

67-76E 

1965 

66 

67 

68 

69 

70 

71 

72 

73 

65-73 

1053 

165  142  111 

78 

75 

57 

40 

29 

27 

721 

807 

134  103 

85 

64 

53 

39 

27 

18 

18 

»1 

246 

31 

39 

26 

14 

22 

18 

13 

11 

9 

183 

50 

9 

7 

1 

2 

2 

2 

30 

72 

13 

16 

5 

3 

6 

4 

3 

1 

;> 

49 

1 

6 

6 

7 

9 

4 

2 

2 

39 

20 

4 

3 

1 

1 

1 

1 

It 

15 

3 

1 

3 

2 

1 

2 

13 

7 

1 

1 

3 

9 

2 

2 

1 

6 

8 

2 

1 

- 

6 

1 

1 

1 

2 

6 

10 

3 

1 

1 

1 

: 

> 

124 


MAGNETO- OPTICAL  MEMORIES 

Memories  in  which  information  is  optically  recorded  on,  or  retrieved  from  magnetic 
films  by  modulating  the  films1  physical  characteristics.  Generally,  laser  beams  store 
digital  information  one  bit  at  a  time  on  the  magneto -optical  medium.  The  information 
is  read  by  sensing  the  magnetic  field  induced  change  in  the  polarization  of  the  laser 
light.  The  physical  modulating  mechanisms  applied  on  magnetic  films  include,  thermo- 
magnetostrictive  recording,  Curie  point  writing,  compensation  temperature  writing, 
temperature  dependent  coercivity,  Kerr  effect  and  Faraday  effect.  (Class  3  60,  subclass 
114  and  class  340,    subclass  174YC.  ) 

Activity  Indices  (1974-76E) 

Growth  (10  year  base)       24.3%  Corporate  Owned  94.6% 

Foreign  Share  32.4%  Government  Owned         5.4% 

Patent  Activity 

Recent  patent  activity  has  been  directed  to  the  reading  and  writing  of  data  in  magnetic 
domains  by  the  action  of  a  laser  beam  on  a  magnetic  film.  Patents  issued  since 
May  1974,    include: 

3,  949,  387  -  Beam  Addressable  Film  Using  Amorphous  Magnetic  Material  (Chaudhari 
et  al,  IBM  Corp.  )  -  Discloses  a  beam  addressable  file,  using  an  amorphous  magnetic 
composition  having  uniaxial  anistropy,  as  a  storage  medium.  Either  light  beams  or  elec- 
tron beams  can  be  used  to  write  information  into  the  storage  medium  by  Curie  point 
or  compensation  point  methods.  It  is  asserted  that  the  ambient  temperature  range  of 
the  film  is  extended  due  to  the  stability  of  the  composition. 

3,  947,  890    -    Magneto -Optical   Readout  Apparatus     (Travot  et  al,    Eastman  Kodak   Co.  ) 

-  Discloses  apparatus  for  retrieving  magnetically  recorded  information  by  Kerr  or 
Faraday  effects.  The  magnetic  recording  is  irradiated  by  a  beam  of  coherent  light  whose 
plane  of  polarization  is  periodically  varied.  The  transmitted  or  reflected  light  from 
the  recorded  medium  is  then  analyzed  for  changes  in  polarization. 

3,  944,  992  -  Magneto-Optical  Information  Storage  Device  Using  Photoconductive  Control 
Element  (Krumme  et  al,  U.  S.  Phillips  Corp.  )  -  Discloses  a  device  for  magneto -optic 
memories  including  a  storage  plate  of  magnetizable  material  and  a  light  beam  for  re- 
cording and  retrieving  information  in  the  plate.  A  photoconductive  layer  on  the  storage 
plate  is  activated  by  the  light  beam  and  is  controlled  by  electrodes  provided  thereon 
via  a  current  or  voltage  source. 

3,899,780  -  Magnetic  Bubble  Store  Having  Optical  Centering  Apparatus  (Otala,  U.S. 
Phillips  Corp.  )  -  Discloses  a  storage  system  including  a  plate  of  magnetic  material  in 
which  digital  information  can  be  stored  in  the  form  of  domains.  The  domains  are  written 
and  read  by  means  of  electromagnetic  radiation  generated  by  a  highly  coherent  light 
source  which  can  be  modulated.  The  domains  are  maintained  by  a  constant  magnetic 
field,   which  is  generated  by  a  permanent  magnetic  layer. 

3,836,895  -  Op  to -Magnetic  Memory  (De  Jonge,  U.S.  Phillips  Corp.)  -  Discloses  the 
storage  of  data  by  cylindrical  magnetic  domains  in  a  plate  of  ferric  material  having  an 
easy  axis  of  magnetization  extending  normal  to  the  plane  of  the  plate  and  a  compensa- 
tion temperature  for  magnetization.  The  size  of  the  magnetic  domains  is  varied  by  their 
selective  heating  with  a  laser  light  source  to  indicate  the  presence  or  absence  of  data. 
Faster  writing  speeds  are  asserted. 

3,  824,  570  -  Magneto -Optical  Transducer  Using  Bubble  Domains  (De  Bot,  U.  S.  Phillips 
Corp.  )  -  Discloses  a  device  for  converting  image  information  into  magnetic  information 
including  a  light  source  for  projecting  the  image  onto  a  plate  of  magnetic  material 
capable  of  accomodating  domains.  A  domain  pattern  is  produced  as  the  result  of  thermal 
action  of  the  incident  light.  A  magnetic  domain  displacement  plate  is  provided  for 
reading  purposes. 

3,815,151     -    Optical   Memory    With   Readout   Beam    Anneal        (Schmit,    Honeywell  Inc.) 

-  Discloses  optical  storage  of  information  by  Curie  point  writing  on  manganese  bismith 
film  which  has  multiple  temperature  dependent  crystallographic  phases.  Readout  is  ob- 
tained by  laser  beam  heating  of  the  magnetized  area  to  a  temperature  which  removes 
quench  crystallographic  phases,  yet,  isbelowthe  normal  phase  Curie  temperature.  The 
magneto-optic  effect  of  the  magnetized  area  rotates  the  polarization  of  the  laser  light 
in  relation   to   the  stored  data.       An  improved   readout   signal-to-noise  ratio  is  asserted. 

3,810,131  -  Devices  Employing  The  Interaction  Of  Laser  Light  With  Magnetic  Domains 
(Ashkin  et  al,  Bell  Telephone  Laboratories  Inc.  )  -  Discloses  bubble  and  strip  magnetic 
domains  that  are  thermally  nucleated,  annihilated,  captured,  or  moved  by  an  incident 
laser  beam  of  variable  power  without  the  use  of  outside  connections,  conductor  loops  or 
magnetic  elements.  The  laser  beam  is  directed  at  the  domains  in  a  low  coercivity, 
magnetically  isotropic,  single  crystal  of  orthoferrites  and  ferrimagnetic  garnets  for 
heating  to  above  the  Curie  point  within  the  crystal's  thermal  time  constant.  A  large 
storage  capacity  and  high  operating  speeds  are  asserted. 
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SEMICONDUCTOR  MEMORIES 

Memories  which  use  active  transistor  circuits  as  memory  cells.  They  are  classed 
into  two  major  groups,  a)  unipolar  metal  oxide  semiconductor  (MOS),  and  b)  bipolar 
MOS.  MOS  random  access  read-write  memories  can  be  either  static  flip-flops  or  dy- 
namic charge  storage  circuits.  The  static  flip-flops  typically  use  six  transistors  per 
bit  and  information  is  stored  by  one  of  two  stable  states.  Dynamic  circuits  generally 
consists  of  three  FET  (Field  Effect  Transistor)  cells  which  use  the  presence  or  absence 
of  charge  on  a  capacitor  to  store  information.  MOS  devices  are  classified  according 
to  different  fabrication  techniques,  i.e.  P-channel  (PMOS),  N-channel  (NMOS),  and 
complementary  (CMOS).  Two  variations  of  MOS  fabrication  technology,  metal-nitride - 
-oxide -silicon  (MNOS)  and  silicon-on-sapphire  (SOS),  are  also  being  used  in  semicon- 
ductor memories.  The  main  difference  between  unipolar  and  bipolar  technologies  is 
the  number  and  sequence  of  diffusion  operations  during  manufacture.  Bipolar  processes 
are  identified  by  the  type  of  logic  circuit  used;  either  TTL  (Transistor  Transistor  Logic) 
or  ECL  (Emitter  Coupled  Logic).  Charge  Coupled  Devices  (CCD)  comprise  a  subsection 
of  semiconductor  memories  and  are  separately  reported  on.  (Class  340/1 73 R,  CA,  DR, 
FF,    SP,    and  selected  patents  from  Class  357,    subclass  24). 

Activity  Indices  (1974-76E) 

Growth  (10  year  base)       40.5%  Corporate  Owned         94.6% 

Foreign  Share  26.  0%  Government  Owned       2, 4% 

Recent  Activity 

Recent  emphasis  has  been  placed  on  methods  and  circuitry  for  efficient  reading  of  semi- 
conductor memories  in  order  to  achieve  faster  access  times.  Other  activity  includes 
reducing  the  number  of  transistors  per  bit.  Patents  issued  since  February  1976, 
include: 

3,  967,  252  -  Sense  Amp  For  Random  Access  Memory  (Donnelly,  Mostek  Corp.  )  -  Dis- 
closes a  MOSFET  random  access  memory  having  a  sensitive  sense  amplifier.  The 
sense  amplifier  utilizes  a  field  effect  transistor  connected  in  the  common  gate  mode 
to  produce  a  large  output  swing  as  a  result  of  a  relatively  low  voltage  swing  which 
is  produced  by  reading   data  stored  in  a  memory  cell. 

3,  965,  460  -  MOS  Speed- Up  Circuit  (Barbara,  Motorola,  Inc.  )  -  Discloses  a  circuit 
used  to  speed  up  the  sensing  of  a  bit-sense  line  of  an  MOSRAM.  The  circuit  includes 
a  crosscoupled  latch  subcircuit  having  an  output  suitable  for  coupling  to  an  output  circuit 
for   the  RAM. 

3,  959,  781  -  Semiconductor  Random  Access  Memory  (Mehta  et  al,  Intel  Corp.  )  -  Dis- 
closes a  MOSRAM  system  which  employs  a  dynamic  storage  in  which  each  cell  comprises 
a  single  active  element.  A  plurality  of  sense  amplifiers  are  disposed  in  a  column  sub- 
stantially bisecting  each  row  of  memory  cells.  A  single  input/output  bus  is  employed 
for  communication  with  all  the  cells.  Two  dummy  cells  are  employed  on  each  row  line 
on  opposite  sides  of  the  sense  amplifier. 

3,  953,  838  -  FIFO  Buffer  Register  Memory  Utilizing  A  One -Shot  Data  Transfer  System 
(Gilbergetal,  Burroughs  Corp.  )  -  Discloses  a  system  in  which  memory  data  words  flow  in 
parallel  from  an  input  register  through  a  plurality  of  registers  towards  an  output  regis- 
ter, under  automatic  control  of  a  one-shot  data  transfer  system,  A  one-shot  device  and 
a  status  flip-flop  are  associated  with  each  individual  register  to  asynchronously  trans- 
fer a  data  word  register-by-register. 

3,  949,  385  -  D.  C.  Stable  Semiconductor  Memory  Cell  (Sonoda,  IBM  Corp.  )  -  Discloses 
a  field  effect  transistor  memory  array  in  which  each  cell  comprises  four  FET's.  The 
first  two  FET's  are  cross  coupled  while  the  third  and  fourth  FET  form  loads  for  the 
cross  coupled  pair.  D.  C.  stability  is  achieved  by  conditioning  the  load  FET  devices 
into  partial  conduction  during  the  stand-by  state  of  the  memory  cell. 

3,  949,  382  -  MOSFET  Circuit  For  Reading  The  State  of  The  Charge  (Yasui,  Hitachi, 
Ltd.  )  -  Discloses  an  insulated  gate  field  effect  transistor  memory  device  which  has  at 
least  two  parasitic  capacitors  and  which  delivers  at  its  outputs  the  state  of  charge  accu- 
mulated in  at  least  one  of  the  capacitors.  The  parasitic  capacitors  are  provided  with 
inverter  circuits  for  discharge  purposes. 

3,  940,  747  -  High  Density,  High  Speed  Random  Access  Read-Write  Memory  (Kuo  et  al, 
Texas  Instruments,  Inc.  )  -  Discloses  a  MOSRAM  which  uses  one  transistor  per  storage 
cell.  The  cells  are  in  a  matrix  of  rows  and  columns,  and  a  sense  and  refresh  amplifier 
is  located  in  the  center  of  each  column.  The  amplifier  is  precharged  to  a  predetermined 
voltage  level,  which  can  be  varied  based  upon  supply  and  threshold  voltages,  for  accurate 
data  sensing. 
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OPTICAL  MEMORIES 

Optical  memories  include  all  memory  systems  in  which  light  waves  (e.  g.  ,  laser  beams) 
are  used  to  read  or  write  information  from  photosensitive  films,  semiconductors,  or 
ferroelectric  materials.  Holographic  memory  systems  comprise  a  subsection  of  optical 
memories  and  are  separately  reported  on.  (Class  340,  subclass  173LT,  LS,  LM, 
and  selected  patents  from  Class  350,    subclass  3.  5). 

Activity  Indices  (1974-76E) 

Growth  (10  year  base)       37.6%  Corporate  Owned  84.7% 

Foreign  Share  46.4%  Government  Owned         7.1% 

Patent  Activity 

Recent  patent  activity  has  been  geared  toward  reading  of  information  by  optical  systems 
into  a  semiconductor  memory  element.  Activity  is  also  directed  to  manipulating  laser 
beams  for  more  efficient  reading  or  writing  of  information.  Patents  issued  since  Sep- 
tember 1975  include: 

3,  962,  688  -  Optical  Mass  Data  Memory  (Westerberg)  -  Discloses  a  high  density  storage 
system  which  includes  a  laser  beam  used  to  read  and  write  information  in  a  rotating 
memory  disc  in  response  to  acousto -optical  modulation  of  the  beam.  This  modulation 
provides  fine  adjustment  of  the  beam  in  a  radial  direction  while  coarse  direction  adjust- 
ments are  done  mechanically. 

3,  958,  229  -  Optical  Memory  Systems  Utilizing  Organ  Arrays  of  Optical  Fibers  (Duguay, 
Bell  Telephone  Laboratories,  Inc.  )  -  Discloses  an  optical  memory  system  comprising 
an  organ  array  of  optical  fibers.  Each  fiber  has  a  uniformly  different  length  in  re- 
spect to  its  lengthwise  consecutive  adjacent  fiber.  The  fibers  are  arranged  in  a  bundle 
so  that  one  set  of  ends  of  the  fibers  are  terminated  in  an  input  plane  and  the  opposite 
set  of  ends  are  terminated  in  an  output  plane.  A  translating  memory  tape  or  rotating 
disc  is  juxtaposed  with  the  output  plane  of  the  organ  array  to  readout  information  on 
the  tape  or  disc,  or,  in  conjunction  with  a  modulator,  to  write  information  onto  the  tape 
or  disc. 

3,  950,  738  -  Semi -Conductor  Non-Volatile  Optical  Memory  Device  (Hayashi  et  al,  Agency 
of  Industrial  Science  &  Technology)  -  Discloses  an  optical  memory  having  a  light-perme- 
able charge  retention  floating  gate  on  an  insulating  layer.  The  insulating  layer  is  situated 
on  a  first  semiconductor  surface.  Photo -gene  rated  carriers  in  the  surface  of  the  semi- 
conductor are  injected  over  the  semiconductor -insulator  potential  barrier  by  applying 
reverse  bias  between  a  first  semiconductor  region  and  a  second  region  forming  a  rectifying 
junction  with  the   first  semiconductor  region. 

3,  946,  367  -  Three  Dimensional  Electro- Optical  Retrieval  System  (Wohlmut  et  al,  Video- 
nics  of  Hawaii,  Inc.  )  -  Discloses  a  system  for  sensing  information  located  in  tracks  in 
various  layers  or  depths  of  a  multilayer  recording  medium.  An  electro-optical  system 
tracks  the  desired  information  located  in  the  recording  medium  in  lateral  and  normal 
(or  depth)  directions,  thereby  controlling  the  positioning  and  focusing  of  the  sensing  sys- 
tem on  the  desired  information.  The  third  dimension  is  tracked  by  moving  the  desired 
information  track  past  the  electro-optical  sensor  to  compensate  for  relative  movement 
between  the  system  and  the   track. 

3,  935,  566  -  Multiple -Channel  Information  Translation  System  And  Method  (Snopko, 
Zenith  Radio  Corp.  )  -  Discloses  a  multiple -channel  information  translation  system  in- 
cluding a  Bragg  light-sound  interaction  cell  interposed  in  the  path  of  a  spatially  co- 
herent input  light  beam.  A  number  of  electrical  carriers  are  generated  and  amplitude 
modulated  by  information  bearing  input  signals  to  drive  the  Bragg  cell.  The  cell  diffracts 
the  input  beam  into  a  number  of  primary  output  light  beams,  respectively  amplitude 
modulated  in  relation  with  the  input  signals. 

3,925,767  -  Radiation  Set  Thermally  Reset  Read -Only -Memory  (Witteles  et  al,  The 
Singer  Co.  )  -  Discloses  storing  an  arbitary  pattern  of  "ones"  and  "zeros"  into  a  standard 
MOSFET  wafer  containing  individual  transistors  by  selectively  irradiating  individual 
MOS  transistors  to  a  sufficient  level  to  shift  the  threshold  voltage  by  a  predetermined 
amount.  The  irradiated  transistors  store  zeros  since  they  would  not  turn  on  when  pulsed 
while  all  non-irradiated  transistors  in  the  wafer  would  store  ones. 

3,  906,462    -    Optical  Storage   Device    Using    Piezoelectric  Read-Out  (Feinleib  et  al,    Itek 
Corp.  )  -   Discloses    a   system  which  optically   retrieves  an  information  pattern  by  utili- 
zation of  the  dimensional  changes  of  a  piezoelectric  material  in  response  to  an  impressed 
electric   field.     Read-out  is  accomplished  by  sensing  the  modulation  of  the  read-out  light 
caused  by  surface  deformations  on  the  crystal  due  to  the  internal  electric  field. 
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SUPERCONDUCTIVE  MEMORIES 

Memory  devices  employing  as  the  memory  element  an  electric  current  in  aloop  of  materi- 
al cooled  below  its  critical  point.  The  material  has  the  property  of  losing  all  elec- 
trical resistance  when  so  cooled  so  that  the  electric  current  persists  indefinitely  with 
no  measurable  attenuation.  Included  are  Josephson  junction  memories  consisting  of 
one  or  more  Josephson  junctions  connected  in  a  superconducting  loop.  These  memories 
exhibit   extremely  fast   switching   speed  and  high  density.       (Class    340,    subclass    173.1) 

Activity  Indices  (1974-1976E) 

Growth  (10  year  base)      10.0%  Corporate  Owned         100% 

Foreign  Share  14. 3%  Government  Owned  0% 

Patent  Activity 

Recent  patent  activity  has  focused  on  using  Josephson  junctions  in  memory  devices  with 
emphasis  on  material  and  structural  features.  Patents,  issuing  since  February  1972, 
include: 

3,93  6,809  -  Single  Flux  Quantum  Storage  Devices  and  Sensing  Means  Therefor  (Zappe, 
IBM  Corp.  )  -  Discloses  a  single  Josephson  tunneling  device  made  with  two  superconduc- 
tive materials  spaced  apart  by  an  insulator.  The  Josephson  current  density  profile  is 
characterized  by  a  larger  magnitude  at  the  boundary  portions  than  at  the  center.  A 
sensing  arrangement  is  also  described. 

3,916,391     -    Josephson    Junction    Memory    Using    Vortex   Modes    (Gueret,    IBM  Corp.) 

-  Discloses  a  memory  array  of  Josephson  junctions  arranged  in  rows  and  columns  of 
a  matrix.  The  junction  parameters  are  chosen  so  that  the  junctions,  while  remaining 
in  .their  superconductive  state,  can  assume  either  of  two  vortex  modes  in  which,  re- 
spectively, no  flux  quanta  or  a  certain  number  of  flux  quanta  can  be  trapped  within 
the  junction. 

3,  825,  906  -  Superconductive  Shift  Register  Utilizing  Josephson  Tunneling  Devices  (Hamel 
et  al,  IBM  Corp.  )  -Discloses  a  two  phase  superconductive  shift  register  using  Josephson 
tunnelling  devices.  Included  are  a  plurality  of  shift  register  stages  energized  from  a 
DC  current  source  wherein  each  stage  contains  a  first  and  second  branch  circuit  in 
parallel.     A  Josephson  tunnelling  device  is  located  in  each  branch. 

3,  705,  393  -  Superconducting  Memory  Array  Using  Weak  Links  (Anacker  et  al,  IBM 
Corp.  )  -  Discloses  memory  cells  containing  superconductive  rings  capable  of  supporting 
Josephson  tunneling  current.  Coincident  currents  are  used  to  trap  flux  in  the  rings 
and  to  release  the  trapped  flux  for  readout  of  the  memory  cells. 

3,691,539  -  Superconductive  Device  for  Electronic  Storage  of  Large  Quantities  of  Data 
Using  Magnetic  Particles  (Erben  etal,  Messerschmitt-Bolkow-Blohm  GmbH)  -  Discloses 
a  three  layered  storage  element  made  up  of  an  insulating  film  sandwiched  between  two 
superconductive  layers  with  magnetic  particles  applied  to  the  upper  superconductive 
layer.     An  electron  beam  is  used  to  reorient  the  particles  for  storage  purposes. 

3,  646,  528  -  Self-Searching  Memory  Utilizing  Improved  Memory  Elements  (Davies, 
TRW,  Inc.  )  -  Discloses  an  associative  memory  system  using  the  presence  or  absence 
of  a  persistent  current  in  single  control  superconductor  devices  to  represent  binary 
information.  Readoutis  accomplished  by  association  in  comparators  whichmay  be  selec- 
tively masked. 

3,  643,  237  -  Multiple  -  Junction  Tunnel  Devices  (Anacker,  IBM  Corp.  )  -  Discloses  mem- 
ory circuits  which  employ  nonlinear  tunneling  devices.  Each  device  is  a  series  arrange- 
ment of  tunnel  junctions  causing  the  memory  to  have  built  in  redundancy.  Better  reliability 
is  asserted. 

3,641,517  -  Superconductive  Data  Storage  Arrangement  (Brilman  et  al,  Societe  Alsa- 
cienne  de    Constructions    Atomiques   de  Telecommunications  et  d'Electronique  "Alcatel") 

-  Discloses  a  cryogenic  device  made  up  of  an  arrangement  of  elementary  storage  cells 
connected  to  an  addressing  device  for  the  storage  and  the  non-destructive  reading  of 
information.  The  cells  are  grouped  so  that  the  circuits  for  energizing  the  storage 
loops  and  the  test  conductors  are  interconnected  in  columns,  and  the  writing  and  reading 
conductors  are  interconnected  in  rows. 
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FERROELECTRIC  MEMORIES 

Memories  in  which  a  ferroelectric  material  is  either  directionally  polarized  or  modi- 
fied in  its  inherent  polarization  direction  by  the  application  of  an  electric  field  to  the 
domains  of  collectively  oriented  molecules  in  the  material.  The  electric  field  is  typically 
applied  through  two  electrodes  mounted  upon  the  ferroelectric  material.  Polarization 
modulation  caused  by  the  electric  field  is  used  to  control  the  intensity  of  incident  light 
in  a  binary  mode,  in  accord  with  data  signals.  The  piezoelectric  properties  of  ferro- 
electrics  provide  an  additional  mode  of  memory  operation.  The  magnitude  and  sign 
of  the  electrical  charge  in  the  material,  caused  by  the  piezoelectric  effect,  are  used  to 
represent  binary  states.      (Class  340,    subclass  173.  2) 

Activity  Indices   (1974-76E) 

Growth  (10  year  base)        34.4%  Corporate  Owned         81.8% 

Foreign  Share  54.  6%  Government  Owned       9.  1% 

Patent  Activity 

Recent  patent  activity  has  been  directed  towards  storing  information  in  ferroelectric 
material  using  the  different  effects  engendered  by  the  electric  field.  Patents,  issued 
since  November  1973  include: 

3,  964,  033  -  Electrooptic  Storage  Device  (  Wasa  et  al,  Matsushita  Electric  Industrial 
Co.  Ltd.  )  -  Discloses  a  memory  storage  system  utilizing  a  transparent  ferroelectric 
ceramic  plate,  a  pair  of  writing  electrodes  on  opposite  surfaces  of  the  plate  and 
a  pair  of  erasing  electrodes  on  opposite  edges  of  the  plate.  The  writing  electrodes  consist 
of  a  thermally  sensitive  transparent  resistor  layers. 

3,958,230  -  Arrangement  Including  A  Piezo  -  Ferroelectric  Body  (Petersen,  U.S. 
Phillips  Corp.  )  -  Discloses  a  storage  electrode  terminating  impedance  for  a  piezo- 
ferroelectric  memory.  The  impedance  reduces  deleterious  electromechanical  variations 
at  adjacent  storage  electrodes  upon  partial  polarization  or  depolarization  of  an  electrode 
on  a  piezo-ferroelectric  body. 

3,  930,  240  -  Ferroelectric  Memories  and  Method  of  Activating  The  Same  (Hadni  et  al, 
Agence  Nationale  de  Valorisation  de  la  Recherche  (Anvar)  -  Discloses  a  high  capacity, 
non-destructive  memory  comprising  a  thin  plate  of  ferroelectric  material  (triglycine  sul- 
fate) cut  at  right  angles  to  its  ferroelectric  axis  and  matalized  on  two  sides.  Polari- 
zation modulating  voltages  are  transmitted  through  the  matalized  sides  of  the  material 
in  order  to  switch  the  ferroelectric  domains  in  the  areas  where  a  light  source  (laser) 
has  scanned.  A  large  storage  capacity,  by  virtue  of  high  density  of  writing  and  reading 
cells,    is  asserted. 

3,  890,  604  -  Selective  Dipole  Orientation  Of  Individual  Volume  Elements  Of  A  Solid  Body 
(Schroder)  -  Discloses  a  magnetic  cube  containing  ferroelectric  particles  to  which  inter- 
secting elastic  waves  are  applied  so  that  the  volume  element  of  said  body  which  intersects 
with  the  superimposed  portions  of  the  waves  at  any  given  time  has  a  higher  energy  density 
than  any  other  portion  of  the  body.  A  sensing  element  detects  the  changes  in  dipole 
orientation  of  the  ferroelectric  particles. 

3,  868,  652  -  Multi- Layer  Ferroelectric  Optical  Memory  System  (Cooper  et  al,  IBM 
Corp.  )  -  Discloses  a  ferroelectric  optical  memory  system  utilizing  a  light  scanner 
for  selectively  setting  the  birefringent  level  associated  with  a  region  or  storage  location 
of  the  ferroelectric  layer.  The  birefringent  levels  collectively  set  for  regions  of  each 
particular    storage   location  are   indicative   of  the   digital  information  stored. 

3,832,700  -  Ferroelectric  Memory  Device  (Wu  et  al,  Westinghouse  Electric  Corp.) 
-  Discloses  a  memory  element  utilizing  the  remanent  polarization  of  a  thin,  ferroelectric 
film  to  control  the  surface  conductivity  of  a  bulk  semiconductor.  When  a  potential  of 
one  polarity  is  applied  to  a  gate  electrode  of  the  ferroelectric  material  and  the  semi- 
conductive  substrate,  and  then  removed,  a  persisting  inversion  layer  or  conducting 
channel  is  formed.  When  a  potential  of  opposite  polarity  is  applied,  the  channel  will 
be  persistently  depleted. 

3,  798,  619    -    Piezoelectric    Transducer  Memory  With  Non-Destructive  Read  Out  (  Samo- 
falov  et  al)    -    Discloses  a   long-term  storage   device  with  non-destructive  reading  of  in- 
formation     which  uses    a   strip   of  ferroelectric  material   with   at  least  two  piezoelectric 
transducers.    The  ferroelectric  material  acquires  piezoelectric  properties  when  placed 
in  an  electric  field. 

3,774,174  -  Polarization  And  Optical  Switching  Of  Quadristable  Ferroelectric  Films 
By  Singular  Electrodes  (Francombe  et  al)  -  Discloses  a  ferroelectric  material  with  at 
least  two  independently  reversible  polarization  components  and  single -crystal  domains. 
At  least  one  set  of  electrodes  are  positioned  to  apply  electric  fields  to  single-crystal 
domains  of  the  ferroelectric  material  at  an  angle  to  the  reversible  polarization  compo- 
nents, so  that  one  electric  field  can  reversibly  polarize  both  components  and  a  second 
field  can  reverse  one  of  the  components  without  reversing  the  other. 
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CATHODE  RAY  TUBE  MEMORIES 

Memories  which  use  photosensitive  surfaces  as  a  target  upon  which  an  electron  beam 
reads  and  writes  information.  These  surfaces  are  incorporated  into  a  cathode  ray 
tube  (CRT),  and  circuitry  for  addressing  the  photosensitive  surface  is  typically  used  to 
control  the  CRT's  electron  beam.      (Class  340,    subclass  173CR) 

Activity  Indices     (1974-76E) 

Growth  (10  year  base)       23.  1%  Corporate  Owned  88.  9% 

Foreign  Share  27.  8%  Government  Owned        5.  6% 

Recent  Activity 

Recent  patent  activity  has  been  geared  towards  methods  and  apparatus  for  addressing  the 
photo -sensitive  storage  plate  in  the  CRT.  Patents  issued  since  November  1973, 
include: 

3,  889,  244  -  Graphic  Data  Display  System  With  Multiple  Display  Inhibit  Delay  Times 
(Sinobad,  Compagnie  Industrielle  des  Telecommunications  Cit-Alcatel)  -  Discloses  a 
graphic  data  display  system  for  effecting  controlled  traces  on  the  screen  of  a  cathode 
ray  tube.  The  data  display  is  inhibited  by  different  delay  times  in  response  to  the  detec- 
tion of  changes  in  selected  portions  of  binary  data  signals  which  indicate  a  change  in  the 
required  trace.  Trace  changes  are  detected  through  use  of  a  memory  which  stores 
binary  signals,    and  comparators  which  compare  input  and  output  signals. 

3,  889,  239  -  Selective  Storage  Systems  (Gillissen,  Societe  Honeywell  Bull  Societe 
Anonyme)  -  Discloses  a  random  access  memory  system  having  a  data  storage  loop 
formed  by  a  pair  of  data  storage  assemblies.  Each  assembly  contains  a  memory  for 
optical  line -at-a-time  reading  by  a  television  camera.  Each  camera  is  positioned 
in  front  of  a  display  panel  of  an  associated  memory  for  reading  the  information 
stored  in  that  memory  and  is  simultaneously  electrically  linked  to  another  memory 
for  writing  at  least  one  information  line  into  that  memory.  It  is  asserted  that  a  storage 
time   of  several  days  is  possible  without  the  use  of  a  power  supply. 

3,  882,  471  -Apparatus  And  Method  Of  Operating  A  High-Density  Memory  (Walker  et  al, 
Westinghouse  Electric  Corp.  )  -  Discloses  a  high  density  cathode  ray  tube  memory 
having  a  high  density  storage  target.  The  target  comprises  a  plurality  of  storage 
elements  disposed  in  lines  and  columns.  In  order  to  provide  a  high  density  of  storage 
elements  each  column  and  line  is  provided  with  a  positioning  tab  with  which  the  electron 
beam  may  be  accurately  positioned  to  read,  write  and  erase  information  upon  the  storage 
target. 

3,  879,  714  -  Method  of  Recording  Information  with  a  Picture  Storage  Tube  and  Reading 
Without  Erasing  The  Information  (Veith  et  al,  Siemens  Aktiengesellschaft)  -  Discloses 
a  method  of  writing,  recording  or  erasing  information  on  the  signal  plate  of  photodiodes 
by  exposing  one  side  to  an  electron  beam  containing  data  to  be  recorded.  Each  of 
the  steps  of  writing,  reading,  and  erasing  is  characterized  by  changing  the  value  of 
a  potential   applied  to   the  signal  plate  so  that  reading  is  accomplished  without  erasure. 

3,  798,  633  -Datastorage  and  Display  System  (Hofstein,  Princeton  Electronic  Products, 
Inc.  )  -  Discloses  a  system  utilizing  a  storage  tube,  the  target  of  which  includes  separate 
storage  areas  for  character  configurations  and  character  digital  data.  Characters 
are  written  in  common  form  in  the  storage  area  and  are  read  and  transferred  to  a 
visual  display.  Characters  are  written  in  digital  form  on  an  offscreen  area  and  are 
read  and  transferred  to  information  storage. 

3,789,372  -  Self  Tracking  Beam  Accessible  Memory  and  Addressing  Method  Therefor 
(Lejon)  -  Discloses  a  method  of  addressing  the  access  beam  of  a  two  dimensional 
information  storage  memory  array.  The  array  is  adapted  to  store  binary  coded  infor- 
mation in  the  form  of  addressable  words  for  which  the  bits  are  aligned  in  one  dimension. 

3,  778,  786  -  Data  Storage,  Image  Tube  Type  (Fletcher  et  al.  National  Aeronautics 
and  Space  Administration)  -  Discloses  a  memory  storage  system  employing  a  conven- 
tional vidicon  tube.  The  tube  is  first  conditioned  to  accept  electrical  input  data  and 
is  then  scanned  by  a  first  electron  beam  to  write  information  data  onto  a  photosensitive 
target.  A  second  electron  beam  scans  the  surface  to  read  the  information.  Conven- 
tional television  camera  scan,  sync  and  power  supply  circuitry  are  used  for  condition- 
ing and  scanning. 

3,  774,  168  -  Memory  With  Self-Clocking  Beam  Access  (Koo  et  al,  National  Cash  Reg- 
ister Co.  )  -  Discloses  a  beam  accessed  MOS  semiconductor  memory  into  which  binary 
information  can  be  written  and  stored  and  from  which  that  information  can  be  read  and 
erased.  The  counting  of  electrical  pulses  created  by  the  electron  beam  impacting  on 
metal  indexing  strips  is  used,  in  a  self-clocking  mode,  to  control  the  position  of  the 
electron  beam. 


135 


PATENT   ACTIVITY 

BY   PATENT   GRANT   DATE 
1967-1976E 


P^er*,e   2:  - 


TOTAL 

A A A 

U.S.  ORIGIN 


1967    68     69     70     71     72     73     71     75     761 


BY  APPLICATION   PILING  DATE 
1965-1973 


TOTAL  • 

A A A 


U.S.  ORIGIN 
FOREIGN  ORIGIN 


1965    66     67     68     69     70     71 


DISTRIBUTION  OP  PATENTS   IN  AREA  OP    INTEREST 


BY  PATENT  GRANT  DATE 


BY  PATENT  APPLICATION  FILING  DATE 


1967 

68 

69 

70 

71 

72 

73 

74 

75 

76E 

TOTAL 

67-76E 

1965 

66 

67 

68 

69 

70 

71 

72 

" 

TOTAL  PATENTS 

9 

7 

7 

3 

12 

in 

17 

8 

8 

2 

87 

5 

2 

2 

Q 

11 

15 

13 

11 

5 

68 

UNITED  STATES 

9 

7 

7 

3 

10 

9 

12 

7 

it 

2 

70 

5 

2 

2 

4 

8 

12 

7 

11 

51 

TOTAL  FOREIGN 

2 

5 

5 

1 

4 

17 

3 

3 

6 

5 

17 

GERMANY 

3 

3 

1 

> 

1 

2 

3 

1 

7 

FRANCE 

1 

3 

4 

4 

4 

JAPAN 

1 

1 

2 

1 

1 

2 

CANADA 

1 

1 

2 

1 

1 

2 

NETHERLANDS 

1 

1 

1 

1 

UNITED  KINGDOM 

1 

1 

1 

1 

136 


PLATED  WIRE  MEMORIES 

Non-destructive  read-out  type  memory  devices  composed  of  a  cylindrical  magnetic  film 
electroplated  onto  a  conductive  wire  substrate.  During  fabrication,  easy  and  hard  axes 
of  magnetization  are  established  in  the  magnetic  film  with  the  easy  axis  being  able  to 
support  two  stable  states  representing  a  binary  "1"  and  "0".  These  axes  are  organized 
into  matrices  and  provided  with  the  necessary  circuitry  to  write  and  sense  stored  infor- 
mation.   (Class  340,    subclass  174  PW) 

Activity  Indices  (1974-1 97 6E) 

Growth  (10  year  base)       15.  1%  Corporate  Owned      100% 

Foreign  Share  43.  8%  Government  Owned      0% 

Recent  Activity 

Recent  patent  activity  generally  has  focused  on  memory  arrangements  which  allow  high 
packaging  density  and  on  the  structural  features  of  the  plated  wire  memory  element 
itself.      Patents  issued  since  April  1974,   include: 

3,906,467  -  Plated  Wire  Memory  (Velishek  et  al,  Control  Data  Corp.)  -  Discloses 
a  plated  wire  memory  consisting  of  a  barrier  layer  between  the  core  of  non-magnetic 
conductive  material  and  an  outer  layer  of  highly  permeable  magnetic  material.  The 
barrier  layer  is  constructed  of  conductive  material  such  as  gold  or  gold-copper  alloy 
that  does  not  diffuse  into  the  magnetic  material. 

3,  898,  634  -  Magnetic -Wire  Memory  System  (Yoneyama,  Toko  Kabushiki  Kaisha)  - 
Discloses  a  balanced  address  selecting  matrix  type  memory  system  composed  of  a 
first  and  second  memory  stack  each  including  the  same  number  of  information  lines 
and  work  lines  arranged  in  a  symmetrical  manner.  Circuitry  is  provided  to  compensate 
for  noise  created  in  the  information  lines. 

3,  895,  362  -  Integrated  Magnetic  Wire  Memory  (Yamakawa  et  al,  Oki  Electric  Industry 
Co.  ,  Ltd.  )  -  Discloses  a  memory  cell  composed  of  a  plurality  of  parallel  coplanar 
magnetic  wires  enclosed  by  an  insulating  film,  and  a  plurality  of  U-shaped  conductive 
non-magnetic  wires  disposed  in  a  plane  parallel  to  the  plane  of  the  magnetic  wires  and 
in  a   direction  perpendicular  to  the  projected  direction  of  the  magnetic  wires. 

3,  863,  233  -  Magnetic  Memory  Array  (Eddey  et  al,  Goodyear  Aerospace  Corp.  )  - 
Discloses  an  associative  processor  which  is  a  digital  computer  system  capable  of  operating 
upon  many  independent  sets  of  data  simultaneously.  Each  data  set  is  processed  sequen- 
tially bit  by  bit,  giving  an  overall  effect  that  is  analogous  to  a  large  bank  of  serial 
computers  all  executing  the  same  program  but  on  different  data. 

3,  852,  725  -  Magnetic  Plated  Wire  Memory  Device  (Ogura  et  al,  Oki  Electric  Industry 
Co.  ,  Ltd.  )  -  Discloses  a  magnetic  memory  device  in  which  at  least  two  independent 
memory  planes  are  arranged  on  each  side  of  a  rigid  base  board.  Readout  driving  current 
is  taken  from  each  opposing  edge  of  the  rigid  base  board  surfaces. 

3,  824,  566  -  Magnetic  Thin  Film  Plated  Wire  Memory  (Kobayashi  et  al,  Fuji  Denki 
Kagaku  Kabushiki  Kaisha)  -  Discloses  a  memory  with  fewer  digit  drivers  to  attain  lower 
cost  and  higher  density.  The  memory  contains  a  plurality  of  digit  pair  wires  intersecting 
substantially  at  right  angles  with  word  wires.  The  digit  wire  pairs  are  grouped  into  a 
plurality  of  shift  sense  sections,  each  of  which  includes  an  equal  number  of  digit  pair 
wires. 

3,810,134  -  Memory  Bit  Drive  Circuitry  Providing  Common  Terminating  Impedance 
to  a  Sense  Line  (Culp,  General  Electric  Co.  )  -  Discloses  a  matrix  memory  having  an 
arrangement  for  providing  write  current  to  bit  lines  through  the  same  wires  on  which 
output  or  sense  signals  are  carried,  without  affecting  the  sense  signals.  Each  bit  is 
written  into  a  storage  cell  which  is  magnetically  coupled  to  a  sense  pair.  A  bit  driver, 
composed  of  a  current  source,    is  connected  across  each  pair. 

3,  803,  656  -  Plated  Wire  Memory  Plane  (Johnson  et  al,  Xerox  Corp.  )  -  Discloses 
a  plated  wire  memory  plane  which  includes  a  support  member,  an  insulator  having  a 
plurality  of  parallel  grooves,  a  plated  wire,  an  annular  magnetic  coating  uniformly  de- 
posited in  all  of  the  preformed  grooves  and  a  substantially  U-shaped  word  drive  laminate. 
The  preformed  grooves  facilitate  insertion  of  the  plated  wires  into  the  insulator. 
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PLANAR  FILM  MEMORIES 

Memories  utilizing  anisotropic  magnetic  films  of  permalloy  which  contain  a  preferred 
axis  of  magnetization,  called  easy  axis,  and  a  perpendicular  axis,  the  hard  axis.  The 
magnetic  vector  of  the  film  aligns  itself  with  the  easy  axis  when  no  external  magnetic 
fields  are  present.  Magnetic  fields  generated  by  passing  a  current  through  a  conductor 
mounted    close   to   the   film   rotates   this    vector   towards   the   hard  axis.  The   realign- 

ment and  rotation  of  the  magnetic  vector  is  the  basis  for  two  distinguishable,  revers- 
ible states.  Typically,  planar  films  are  classified  according  to  their  four  major  modes 
of  construction:  single  plane  film;  coupled  planar  films  :  bicore  elements;  and  mated-film 
elements.    (Selected  patents  from  Class  340,    subclasses  174  TF,    QA,    YA) 

Activity  Indices  (1974-76E) 

Growth    (10  year  base)  7.1%  Corporate  Owned  90.0% 

Foreign  Share  33.3%  Government  Owned  19.1% 

Patent  Activity 

Recent  patent  activity  has  been  directed  towards  more  efficient  planar  film  memory 
systems,  such  systems  allowing  for  higher  densities  and  lower  power  consumption. 
Patents  issued  since  February  1973,    include: 

3,  962,  690  -  Thin  Film  Magnetic  Storage  Device  (Koenig  et  al,  BASF  Akteingesellschaft) 
-  Discloses  a  ferromagnetic  thin  film  with  areas  of  differing  coercive  forces  and  electric 
conductors  extending  in  planes  parallel  with  the  film's  support,  and  at  right  angles  to 
strip-like  channels  having  low  coercive  force.  The  conductors  produce  magnetic  fields 
required  for  propagation  of  magnetic  domains  in  the  low  coercive  force  channels. 

3,  922,  651  -  Memory  Device  Using  Ferromagnetic  Substance  Lines  (Imamura,  Kokusai 
Denshin  Denwa  Kubushiki  Kaisha)  -  Discloses  a  word-selection  memory  comprising  a 
plurality  of  non-magnetic  lines  arranged  in  parallel  to  one  another  and  a  plurality  of 
memory  lines.  The  magnetic  lines  utilize  ferromagnetic  thin  film  orthogonally  arranged 
with  the  nonmagnetic  lines.  Each  of  the  memory  lines  is  formed  from  conductive,  ferro- 
magnetic material  having  an  axial  easy  magnetization  axis. 

3,  798,  623  -  Quad  Density  Solid  Stack  Memory  (Kaske  et  al,  Sperry  Rand  Corp.  )  -  Dis- 
closes an  electrically  alterable,  random  access  memory  system  which  contains  mated 
film  elements  as  memory  cells.  The  memory  cells  are  arranged  on  each  two-dimen- 
sional memory  plane  along  two  parallel  running  sense  digit  lines.  A  single  word  line, 
passing  orthogonally  through  the  stacked,  superposed  memory  planes,  is  inductively 
coupled  to  a  pair  of  memory  cells,  each  cell  associated  with  each  sense-digit  line 
on  each  memory  plane. 

3,786,444  -  Magnetic  Thin  Film  Memory  Packaging  Design  (Sly,  U.S.  Army)  -  Dis- 
closes a  memory  store  unit  made  by  aligning  film  core  areas  and  bonding  them  in  pairs 
on  either  side  of  a  single  piece  of  printed  wire  overlay  which  supplies  word  and  common 
sense  lines.  Top  and  bottom  insulators,  apertured  to  receive  the  film  core  arrays  are 
applied  to  the  overlay  for  support  and  to  maintain  a  uniform  distance  between  the  over- 
lay and  ground  planes. 

3,742,467  -  Sense-Digit  Line  Selection  Matrix  For  Memory  System  (Benrud  et  al, 
Sperry  Rand  Corp.  )  -  Discloses  a  circuit  for  addressing  a  sense-digit  line  of  a  group  of 
such  lines  that  form  part  of  a  selection  matrix  of  a  ferroelectric  thin  film  memory  sys- 
tem. The  group  addressing  circuit  is  a  matrix  of  eight  FET  transistors  for  gating  one 
of  eight  associated  active  sense-digit  lines  and  one  FET  transistor  for  gating  an  asso- 
ciated dummy  sense -digit  line  for  reading  and  writing. 

3,727,199  -  Static  Magnetic  Memory  System  (Lekven,  Signals  Galaxies,  Inc.)  -  Dis- 
closes a  static  magnetic  memory  which  includes  individual  binary  storage  members  that 
are  afforded  directional  preferential  magnetic  characteristics  in  order  to  establish  the 
preferred  axis  of  magnetization.  Conductors  for  driving  the  individual  binary  storage 
members  are  provided  in  a  flat  planar  pattern. 

3,  723,  983  High  Density  Thin  Film  Register  (Lienhard,  Ampex  Corp.  )  -  Discloses 
a  magnetic  thin  film  geometry  wherein  thin  film  strips  have  a  preselected  width  to 
length  ratio,  film  thickness,  and  value  of  coercive  force.  The  geometry  provides  storage 
and  transfer  of  stable  magnetic  domains  with  well  defined  boundries  and  decreased  inter- 
action while  allowing  high  packing  densities. 
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DOMAIN  TIP  PROPAGATION  MEMORIES 


Memories  which  use  the  controlled  motion  of  magnetic  domains  on  a  plane  surface. 
Magnetic  domains  progress,  stepwise,  under  the  control  of  time  varying  magnetic  fields 
in  a  medium  of  thin  polycrystalline  anisotropic  layers  in  which  a  magnetic  zone  having 
low  coercivity  is  surrounded  by  a  basic  layer  having  higher  coercivity.  The  difference 
in  coercivity  restricts  the  formation  and  propagation  of  the  domains  to  within  a  propa- 
gation channel.  Binary  information  is  represented  by  the  presence  or  absence  of  a  mag- 
netic domain.  Read  out  is  accomplished  by  a  number  of  methods  generally  including 
electromagnetic  induction,  Hall  effect,  direct  optical  sensing,  and  magneto-resistance. 
(Class  340,    subclass  174FB) 


Activity  Indices   (1974-76E) 


Growth  (10  year  base)       53.  3% 
Foreign  Share  25.  0% 


Corporate  Owned 
Government  Owned 


87.  5% 
12.5% 


Recent  Activity 

Recent  patent  activity  has  generally  focused  on  propagation  techniques  in  the  magnetic 
material.  Emphasis  has  been  placed  on  forming  propagation  channels  suitable  for  stable 
movement  of  the  magnetic  domains.     Patents,    issued  since  April  1972,    include: 

3,889,  246  -  Propagation  Register  for  Magnetic  Domains  (Battarel,  Techniques  et  Sys- 
temes  Informatiques )  -  Discloses  a  new  geometrical  configuration  of  flat  electrical  con- 
ductors deposited  on  the  same  substrate  as  a  polycrystalline  layer.  The  electrodes 
are  used  for  ensuring  the  propagation  of  magnetic  domains,  in  a  shift  register  operation, 
between  an  input  division  (write-in  by  nucleation)  and  an  output  division  (reading). 

3,  855,  584  -  Improved  Register  For  Propagating  Magnetic  Domains  (Battarel  et  al, 
"TECSI"  (Techniques  et  Systemes  Informatiques))  -  Discloses  a  shift  register  having 
a  thin  polycrystalline  anisotropic  magnetic  film  of  low  coercivity.  The  film  has  a  ridge 
which  is  inclined  45  to  the  difficult  axis  of  magnetization,  has  variations  in  slope 
between  the  two  ends,  and  is  formed  by  two  separate  zones  of  coercivity.  The  nu- 
cleation of  interference  domains  is  asserted. 

3,  846,  770  -  Serial  Access  Memory  Using  Magnetic  Domains  in  Thin  Film  Strips  (Schwee 
et  al,  United  States  Navy)  -  Discloses  a  polycrystalline  thin  film  strip  to  store  infor- 
mation in  a  serial  manner  in  the  form  of  reversal  domains.  The  reversal  domains 
are  propagated  along  the  thin  film  strip,  which  may  be  Permalloy,  and  then  sensed  to 
detect  the  stored  digital  information. 

3,  806,  900  -  Multiplexing  System  For  Thin  Film  Magnetic  Propagation  Channels  (Spain 
et  al,  Cambridge  Memories,  Inc.  )  -  Discloses  a  magnetic  device  employing  domain 
tip  propagation  in  assemblies  which  include  a  number  of  shift  registers  within  a  single 
propagating  drive  coil.  A  high  speed,  transfer  in  and  out  rate,  is  achieved  by  employing 
multiplexing  selector  lines,  one  for  each  shift  register  within  the  coil,  to  select  within 
each  period  of  drive  propagation,  each  shift  register  channel  in  sequence  for  write  in  and 
read  out  operations. 

3,786,449  -  Magnetic  Thin  Film  Shift  Register  Having  Bidirectional  Transmission  Ele- 
ments And  Offset  Block  Sites  (Jauvtis,  Cambridge  Memories  Inc.  )  -  Discloses  a  digi- 
tal shift  register  propagating  information  as  discrete  regions  of  reverse  magnetization. 
The  shift  register  has  a  bidirectional  transmission  path  and  produces  magnetic  fields 
along  the  path.  Domain-blocking  fields  are  produced  at  sites  along  the  path  offset  uniformly 
from  the  domain -holding  locations  by  less  than  one-half  the  spacing  between  adjacent 
hold  locations. 


3,  739,  358  -  Shift  Register  Operating  By  Propagation  of  Domains  in  Thin  Films  of 
Magnetic  Material  (  Battarel,  Techniques  et  Systems  Informatiques)  -  Discloses  two 
zones  of  magnetic  coercivity,  the  first  zone  extending  along  the  axis  of  relatively  diffi- 
cult magnetization  and  being  divided  from  the  second  zone  on  opposite  sides  by  first  and 
second  boundaries  in  the  form  of  regular  saw  teeth,  with  the  second  axis  being  dis- 
placed relative  to  the  first  by  half  the  width  of  a  saw  tooth. 

3,656,126  -  Bi -Directional  Shift  Register  -  (Jauvtis,  U.S.  Air  Force)  -  Discloses  a 
magnetic  domain  punch-through  diode  shift  register  having  a  pair  of  vertical  low  coer- 
cive channels  in  a  region  of  high  coercivity.  Dispersed  in  the  channels  are  punch-through 
magnetic  domain  diodes  which  alternate  with  opposing  polarities.  A  domain  can  be  prop- 
agated in  only  one  direction  by  applying  a  conducting  pulse  to  a  chosen  diode  at  the 
same  time  as  a  drive  pulse  is  applied. 
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HOLOGRAPHIC  MEMORIES 


Memory  systems  in  which  data  are  recorded  by  illuminating  a  photosensitive  material 
simultaneously  with  two  beams  of  coherent  light;  one  beam  illuminates  an  object  plane 
and  carries  the  data  for  recording,  the  other  constitutes  a  reference  beam.  Plural 
individual  holograms  are  storedon  each  photosensitive  memory  medium,  each  hologram 
representing  a  different  data  bit  pattern  or  "page".  To  read  out  a  page,  a  laser 
beam  selectively  illuminates  a  stored  hologram  thereby  projecting  a  real  image  of  the 
bit  pattern  onto  a  matrix  of  photodetectors  which  convert  the  light  into  electronic  signals. 
(Selected  patents  from  Class  340,  subclass  173LT,  LS,  LM  and  from  class  350,  sub- 
class 3.  5) 


Activity  Indices   (1974-1976E) 


Growth  (10  year  base)      44.  0% 
Foreign  Share  59.  1% 


Corporate  Owned         90. 
Government  Owned       2. 


9% 
3% 


Recent  Activity 

Recent  emphasis  has  been  on  optical  systems  for  reading  and  writing  hologram  mem- 
ories.    Patents  issued  since  May  1975,   include: 

3,  964,  032  -  Optical  System  For  Storing  Information  (Bardos,  Harris  Corp.  )  -  Discloses 
a  wideband  holographic  information  storage  system  which  records  Fourier  holograms  on 
film  in  rapid  succession,  each  hologram  storing  128  bits  of  data.  The  holograms  are 
successively  recorded  in  adjacent  positions  across  a  photosensitive  film  by  scanning 
a   light  beam  wide   enough  to  cover   two   facets  of  a  rotating  polygonal   scanning  mirror. 

3,959,784  -  High  Speed  Optical  Read-Out  Of  Data  Stored  In  An  Array  (Meier,  Actron) 
-  Discloses  an  optical  system  which  illuminates  successive  frames  of  holographic  data 
with  light  of  different  wavelengths  and  then  images  the  data  on  successive  photodetector 
arrays.  The  color  of  light  being  used  for  illumination  determines  which  array  the  image 
of  the  frame  is  formed  on. 


3,946,370  -  Method  Of  Making  light-Dot  Distribution  For  The  Holographic  Storage  Of 
Binary  Information  With  The  Aid  Of  Electronically  Controlled  Switching  Masks  (Schmidt 
et  al,  U.S.  Phillips  Corp.  )  -  Discloses  a  method  of  making  light  data  distributions  for 
the  holographic  storage  of  binary  information  through  the  use  of  an  electronic  switching 
mask.  The  mask  has  its  individual  elements  modulated  in  their  path  length  through 
fading  of  the  interference  structure  of  the  hologram  in  order  to  transmit  a  constant 
quantity  of  light  independent  of  the  information  distribution. 

3,  936,  139  -  Holographic  Memory  Providing  Both  Angular  And  Translational  Reference 
Beam  Deflections  (Huignard  et  al,  Thomson-CSF)  -  Discloses  an  optical  system  for 
storage  and  retrieval  of  data  using  a  hologram  incorporating  two  light  deviating  devices. 
One  device  enables  selection  of  an  elementary  area  of  the  storage  medium  while  the  second 
device  allows  a  plurality  of  superimposed  holograms  to  be  stored  within  said  elemen- 
tary area. 

3,  924,  924  -  Holographic  Memory  Utilizing  A  Changeable  Phase  Object  and  Coherent 
Subtraction  (Fukuhara,  Hitachi  Ltd.  )  -  Discloses  a  holographic  recorder  which  uses 
a  pattern  generator  to  reduce  the  hologram's  dependency  upon  the  incident  angle  of  irra- 
diated light.  The  pattern  generator  comprises  plural  biaxial,  birefringent,  irregular, 
ferroelectric  crystals  with  mutually  opposing  planes  normal  to  any  one  of  the  a-,  b-, 
or  c-axis  and  having  a  thickness  of  a  half-wave  plate.  The  crystals  are  arranged 
as  a  matrix  on  a  plane  perpendicular  to  incident  light  and  are  modulated  by  a  threshold 
voltage  applied  to  their  Z-planes  in  order  to  phase  modulate  the  information  pattern 
onto  a  photosensitive  medium  and  form  a  hologram. 

3,  891,  976  -  Hologram  Memory  With  Sequential  Data  Storage  and  Beam  Angular  Relation- 
ship (Carlsen,  GTE  Laboratories,  Inc.  )  -  Discloses  an  optical  data  beam  and  an  optical 
reference  beam  passed  through  deflectors  to  intersect  and  form  holograms  at  the  re- 
cording medium.  Each  data  bit  is  recorded  with  a  distinct  angular  relationship  between 
the  intersection  data  and  reference  beams.  These  relationships  are  used  to  identify 
the  position  of  each  data  bit. 

3,  833,  893  -  Holographic  Memory  Including  Corner  Reflectors  (Rajchman,  RCA  Corp.  ) 
-  Discloses  a  holographic  storage  medium  in  which  lenses  are  eliminated  and  corner 
reflectors  are  used.  A  laser  beam  is  deflected  to  an  illumination  hologram  to  illuminate 
an  array  of  controllable  corner  reflectors    to  represent  binary  data. 

3,883,216  -  Holographic  Memory  Having  Spherical  Recording  Medium  (Lee,  Honey- 
well, Inc.  )  -  Discloses  a  holographic  memory  in  which  a  constant  angle  is  maintained 
between  the  object  beam  and  the  reference  beam  at  the  memory  medium.  The  object 
and  reference  beams  are  each  pivoted  about  respective  pivot  points  and  the  memory 
medium  has  a  spherically  curved  surface,    with  multiple  data  storage  locations. 
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MAGNETIC  BUBBLE  MEMORIES* 

Introduction 

Magnetic  bubbles  are  single  wall  domains  assuming  the  shape  of  right 
circular  cylinders  in  a  sheet  of  magnetic  material,  typically  a  rare 
earth  orthoferrite.  The  sheet  of  magnetic  material  is  characterized  by 
a  preferred  or  easy  axis  of  magnetization  perpendicular  to  the  plane  of 
the  sheet.  The  axis  canbe  defined  as  a  negative  direction  of  magnetization 
out  of  the  plane  of  the  sheet  while  magnetic  bubbles  have  a  positive  direc- 
tion of  magnetization  normal  to  the  sheet.  Fig.  1  illustrates  a  single 
wall  domain  in  a  magnetic  sheet.  The  domain  is  represented  by  an  en- 
circled plus  sign  where  the  circle  in  the  plane  of  the  sheet  represents 
the  encompassing  single  wall  of  the  domain. 


MAGNETIC 
BUBBLE 


BIAS  FIELD 


MAGNETIC   SHEET 


FIGURE     1 


Magnetic  bubbles  can  be  moved  or  propagated  in  the  magnetic  sheet  by 
magnetic  fields.  This  makes  them  well  suited  for  shift  register  or  memory 
application  since  binary  information  in  magnetic  bubble  memories  can 
be  represented  by  either  different  size  bubbles,  circulation  direction  of 
domain  wall  magnetization,  or  the  presence  and  absence  of  bubble  do- 
mains,  all  of  which  can  correspond  to  a  binary  "1  "  or  "0". 

The  first  patent  suggesting  magnetic  bubbles  for  memory  applications 
was  granted  to  Bell  Telephone  Laboratories  in  1969  (1)**.  The  potential 
of  this  new  technology  to  provide  low  cost,  high  capacity  memories  was 
quickly  realized,  and  a  large  effort  has  been  expended  to  develop  im- 
provements and  to  refine  magnetic  bubble  technology. 

This  effort   is    reflected  in  recent   patent  activity.     Over    53%   of  the    U.  S. 
patents  in  this    technology  have  been  granted  during  the  most  recent  three 
year  period,     1974-76    (estimated).     The   first  two  graphs  on  the   following 
page  illustrate      this      growth,    first      by     patent  grant    date    and    then    by 
application  date  of  these  patents. 


*  The  technology  described  in  this  report  is  contained  in  a  manually 
generated  listing  from  all  appropriate  U.  S.  Patent  Classification  System 
Classes  and  subclasses. 


**  Numbers    in  parenthesis  refer   to  patents    listed  in  the    Bibliography  at 
the  end  of  this  report. 
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In  terms  of  numbers  of  U.  S.  patents  granted,  the  foreign  activity  in  mag- 
netic bubble  memories,  for  the  period  1974-76  (estimated)is  only  slightly 
less  than  the  all  technology  foreign  share  average  of  35.4%.  About  31% 
of  all  U.  S.  patents  in  the  area  have  been  granted  to  foreign  residents 
over  the  period  1974-76  (estimated).  The  country  table  which  follows  the 
graphs  shows,  by  patent  grant  date  and  patent  application  date,  the  country 
distribution  of  the  patents  in  this  field  that  were  granted  to  foreign  resi- 
dents. 

Description  of  the  Technology 

Magnetic  bubbles  are  usually  formed  in  thin  sheets  of  certain  magnetic 
oxides.  A  basic  requirement  for  formation  of  bubbles  is  that  the  sheet 
material  possesses  uniaxial  magnetic  anistropy  with  the  easy  direction 
of  magnetization  perpendicular  to  the  plane  of  the  sheet.  This  condition 
is  realized  in  crystals  of  orthoferrite,  hexagonal  ferrites,  and  synthetic 
garnets.  Another  requirement  is  that  the  material  be  able  to  support 
a  bubble  of  small  diameter  to  make  large  density  memories  possible.  Syn- 
thetic garnets  seem  to  possess  the  most  desirable  characteristics  for 
bubble  memory  applications  since  they  have  the  capability  to  support  the 
smallest  stable  bubble  size  at  high  mobility  rates. 

Magnetic  bubbles  are  shaped  by  applying  a  biasing  magnetic  field  perpen- 
dicular to  the  plane  of  the  sheet.  Increasing  this  field  causes  the  natural 
serpentine  domains  of  the  sheet  to  shrink  until  most  of  them  disappear. 
However,  a  few  domains  will  shrink  to  a  stable  cylindrical  volume  or 
"bubble"  of  polarity  opposite  to  the  rest  of  the  sheet,  as  shown  in  Fig. 
1.  These  bubbles  are  stable  over  a  variation  of  approximately  30%  of 
the  biasing  field.  However,  if  the  bias  is  increased  above  critical 
strength,    these  stable  bubbles  will  also  collapse  and  be  annihilated. 

Magnetic  bubble  propagation    or    movement    is    achieved    by    creating    an 
unbalanced  force   on  the   bubble  which  drives  it  in  the   desired  direction. 
This  may  be    done   by   creating,    in  the   vicinity   of  the   bubbles,    localized 
magnetic   fields      which,    by  magnetic   attraction  or   repulsion,    cause   the 
bubbles    to   propagate. 

Basically,  two  methods  are  available  for  producing  such  fields;  con- 
ductor-access and  field-access.  In  the  conductor-access  technique,  small 
current  carrying  loops  are  deposited  on  the  sheet  and  the  loops  are 
sequentially  energized  by  three  phase  currents.  In  the  field-access 
approach,  permalloy  (soft  magnetic  material)  patterns  are  deposited  on 
the  sheet  and  a  transverse  in-plane  rotating  field  is  used  to  change  the 
magnetic  polarities  of  these  patterns  to  cause  the  bubbles  to  follow  the 
changing  pole  patterns  from  input  to  output  position.  Three  often  used 
permalloy  patterns  are   the  chevron,     T-I  bar  and  Y-I  bar  configurations. 
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Figures  2A  through  2D  illustrate  the  propagation  of  a  bubble  using  a 
permalloy  T-bar  pattern  for  supporting  a  pole  pattern  changing  in  response 
to  a  rotating  transverse  field  in  the  plane  of  the  sheet. 


FIG.  2A 


'CI 


FIG.2B 


FIG.2C 


HT 


FIG. 2  D 


HT 


S3 


The   transverse   field,     HT,     rotates    clockwise    through   360    creating   pole 
concentrations    on    the     T-bar   pattern.     A   domain,     D,     may    occupy   each 
position  along    the    broken  line,    identified   by   the    channel  notation,     CI. 
where  a   minus    sign   is    shown.      Minus    signs    represent   the    most   intense 
pole  concentration  to  which  the  domains  are  attracted.  As  the  field  rotates, 
the   poles  of  the    T-bar    change    according    to    the    position    of    field    HT. 
causing   the    domain   D   to   be   attracted   to   the    minus    sign   and   thus    move 
to   the  right.     Note    that   the    same    domain   would   move   to   the    left    if   the 
transverse  field  is  rotated  counter  clockwise. 
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In  order  to  perform  the  necessary  memory  operations  of  writing,  reading 
and  erasing,  the  magnetic  bubbles  must,  respectively,  be  generated,  sensed 
and  annihilated. 

In  addition  to  generation  by  nucleation,  bubbles  can  be  created  by  stretching 
a  seed  bubble  and  separating  it  into  two  bubbles.  This  can  be  accomplished 
using  permalloy  patterns  and  the  appropriate  fields  or  current.  In  a  typical 
bubble  generator,  the  seed  bubble  rotates  around  a  permalloy  disc  under 
the  influence  of  a  rotating  driving  field  (3,4).  As  the  bubble  is  rotating, 
it  is  stretched  by  attraction  to  an  adjacent  T-bar  pattern.  When  the  field 
is  in  an  upward  direction,  repulsion  by  the  lower  portion  of  the  disc 
collapses  the  center  of  the  domain  leaving  the  seed  bubble  and  a  newly 
generated  bubble. 

A  number  of  methods  are  available  for  bubble  sensing.  These  include 
electromagnetic  induction,  Hall  effect,  optical  sensing,  and  magnetoresis- 
tance  effect. 

In  the  electromagnetic  induction  method,  the  moving  bubble  acts  as  a  mag- 
netic dipole  and  induces  a  small  voltage  in  a  pickup  coil.  The  Hall  probe 
generates  a  voltage  output  at  right  angles  to  the  direction  of  a  direct 
sense  current.  In  optical  sensing  the  detector  reacts  to  a  change  in  the 
intensity  of  light  when  a  bubble  is  observed  through  a  polarizer.  In  the 
magnetoresistive  effect,  the  presence  of  a  bubble  lowers  the  resistance 
of  a  permalloy  segment,    providing  a  usable  output  signal. 

Bubbles  which  are  no  longer  to  be  used  must  be  annihilated.  This  can 
be  done  by  increasing  the  bias  field  so  that  the  total  field  exceeds  the 
domain  collapse  threshold.  The  bias  field  can  be  increased  by  either  apply- 
ing an  external  current  pulse  or  by  inducing  a  collapsing  field  in  a  permalloy 
segment. 

THRUST  OF  TECHNOLOGY 

Magnetic  material  limitations  have  presented  significant  obstacles  to  com- 
mercial realization  of  magnetic  bubble  devices.  For  example,  very  pure 
materials  are  necessary.  Domains  of  less  than  1  micron  diameter,  needed 
to  obtain  good  memory  density  (up  to  10  10  bit/in2),  require  that  material 
imperfections  affecting  nucleation  or  propagation  be  smaller  than  the  do- 
main itself.  This  problemhas  been  overcome  through  discovery  of  magnetic 
amorphous  materials  that  do  not  contain  structural  imperfections  which 
would  impede  the  movement  and  nucleation  of  magnetic  domains  in  the 
compos  ition(5). 

Attempts  to  reduce  stable  bubble  size  at  usual  operating  temperature  have 
posed  further  problems.  Operation  near  the  magnetic  reorientation  tem- 
perature reduces  bubble  size  but  results  in  high  magnetostriction,  compli- 
cating both  fabrication  and  operation.  Operation  near  the  reorientation 
temperature      also  results  in  a      large      temperature     dependence  of  bubble 


149 


size  which  in  turn  requires  close  temperature  control.  With  garnet  com- 
positions this  temperature  dependency  can  be  reduced  by  partial  substitution 
of  the  composition  by  Eu,  Gd,  Tb,  Dy,  Ho,  Er  or  Tm  ions  in  the  dodecahedral 
sites  (6). 

Yet  another  problem  involving  magnetic  material  limitations  relates  to  find- 
ing materials  which  permit  a  required  mobility,  defined  as  an  inherent 
speed  factor  of  the  magnetic  medium.  This  factor,  when  multiplied 
by  the  applied    field  in  the  material  results  in  a  "velocity"  term. 

This  problem  was  overcome  when  a  critically  defined  class  of  garnet  compo- 
sitions were  found  with  sufficient  high  velocity  to  permit  rapid  movement 
of  domain  walls  which  results  in  high  access  rates.  These  compositions 
are  characterized  by  the  presence  of  europium  in  the  crystallographic 
dodecahedral  site  and  a  relatively  low  magnetic  movement  contribution 
by  the  iron  sublattices  (7).  Garnet  materials  that  exhibit  both  a  high  mo- 
bility and  low  temperature  dependence  of  magnetization  result  from  partial 
substiution  of  silicon  or  germanium  for  iron  (8). 

While  garnet  materials  have  presently  been  found  to  be  the  most  suit- 
able for  bubble  memory  applications,  they  form  a  domain  that 
exhibits  distinctly  different  behavior.  These  domains  are  called  "hard 
bubbles".  Hard  bubbles  have  low  mobilities  and  propagate  at  an  angle  to 
the  applied  bias  field  gradient.  In  addition,  they  strongly  resist 
collapse,  making  them  difficult  to  annihilate.  Hard  bubble  suppression  can 
be  accomplished  by  selecting  a  composition  based  upon  a  characteristic 
temperature  above  which  the  bubbles  are  not  generated  (9).  However,  a 
magnetic  bubble  system  has  been  devised  in  which  both  hard  and  soft 
bubbles  are  used  for  the  representation  of  information  (10). 

One  of  the  more  important   aspects  of  any  memory  unit  is  its  organization. 
An   efficient    organization  provides    high    packing    density   and   fast   access 
times.     Many  organizations  have  been  presented,  but  one  of  the  most  popular 
is    the  major-minor    type    (11),     shown  on   the    following   page    in    Figure    3. 
Memories  of  this  type  store  information  permanently  in  recirculating  loops 
called  minor  loops.       The    information    is     selectively    transferred      to    an 
accessing  loop,    called  a  major  loop,    where  bubble  generation,    annihilation, 
and   sense  operations  occur   through  the  use  of  an  input-output  circuit.    The 
arrangement  is  such  that  the  minor  loops  are  a  number  of  parallel  channels 
to  which  the   major    loop  is  perpendicular.     Subsequent  to   the  generation  or 
sense    operation,    information  in  the  major    loop  is  returned,    via  the  trans- 
fer positions    designated  by  numeral    13,     to    the   minor   loops    for    storage. 
Not    only  does  this     type    of    organization    eliminate    unnecessary    external 
connections  but  it  also  reduce  the  ancillary  control  and  utilization  circuitry 
required. 
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A  number  of  modifications  and  improvements  have  been  made  to  the  basic 
major -minor  configuration.  For  instance,  one  organization  includes  a 
major  loop  which  does  not  close  on  itself,  but  which  does  pass  each  of 
the  minor  loops  in  the  same  order  to  provide  two  locations  in  each  minor 
loop  for  bubble  transfer  (12).  Another  configuration  uses  each  transfer 
location  by  a  conductor  loop  to  ensure  that  a  domain  moves  to  the  desired 
receiving  positions  and  can  later  be  returned  to  its  original  position  (13). 

Still  another  major-minor  loop  memory  is  effected  by  selectively  con- 
trolling the  passage  of  bubbles  through  at  least  two  gates  provided  between 
a  bubble  generator  and  the  major  loop  in  a  two  dimensional  array  (14). 
A  first  gate  of  each  memory  in  a  selected  row  is  conditioned  for  writing 
while  a  second  gate  in  a  selected  column  is  conditioned  in  accordance 
with  the  data  to  be  inserted.  This  arrangement  permits  new  data  to 
be  inserted  only  into  the  memory  of  the  array  that  is  located  at  the 
intersection  of  the  selected  row  and  column.  The  result  is  the  prevention, 
in  a  two-dimensional  array,  of  an  unnecessary  transfer  of  bubbles  in  the 
major  loops  of  an  unselected  magnetic  domain  memory  unit.  In  some 
configurations  a  replication  rather  than  a  transfer  operation  is  used,  ob- 
viating the  necessity  of  returning  information  to  the  minor  loops  and 
thus  improving  data  rates   (15). 
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Mass  memory  units  have  been  developed  using  a  number  of  rriajor -minor 
loop  memories  in  an  array.  One  such  unit  is  operated  in  a  word-organized 
block  access  fashion  with  noise  cancellation  detection  (16).  Another  mag- 
netic domain  memory,  having  a  plurality  of  storage  channels  with  major  - 
minor  loops,  can  be  written  into  by  one  domain  generating  source,  and 
read -out  via  one  domain  detecting  means,  without  any  relative  time  loss 
resulting  from  the  distance  of  the  storage  channel  from  the  detecting 
or  generating  means  (17).  A  redundancy  bubble  memory  system  has  been 
developed  which  is  composed  of  data  chips  having  a  major -minor  loop 
organization  and  a  flag  chip  which  will  prevent  faulty  loops  from  being 
read    and    used  for    data   storage  (18). 

The  need  to  propagate  bubbles  in  one  or  more  recirculating  minor  loops 
without  operating  other  loops  has  led  to  the  development  of  different  types 
of  propagating  circuits.  One  such  circuit  is  a  mutually  exclusive  closed 
loop  field-accessed  type  which  uses  a  magnetic  bubble  overlay  circuit 
element  nicknamed  the  "crow-foot".  This  element  has  a  straight  bar  or 
stem  portion  with  a  pair  of  angled  arms  in  the  form  of  staggered  barb-like 
projections  (19).  These  "crow-foot"  circuit  elements  can  be  used  to  build 
closed  loop  paths  with  parallel  sides  which  propagate  bubbles  in  opposite 
directions  with  the  same  set  of  pulsed  drive  fields   (20). 

All  propagation  structures  mentioned  so  far  have  gapped  permalloy 
patterns;  however,  these  patterns  are  characterized  by  a  number  of 
disadvantages.  For  one,  the  bubble  diameter  must  be  substantially  larger 
than  the  gap  width  in  order  to  traverse  it.  In  addition,  a  bubble  must 
be  elevated  to  a  higher  energy  state  to  traverse  a  gap  which  renders  it 
momentarily  less  stable.  To  overcome  these  problems  a  double -sided 
gapless  propagation  structure  was  developed.  Propagation  is  achieved  by 
using  two  identical  disc  circuits  on  opposite  sides  of  the  bubble  material 
displaced  from  each  other  by  one-half  of  periodicity  (21). 

Other  propagation  structures  have  been  disclosed.  For  example, 
enhanced  operating  characteristics  are  obtained  if  the  extremes  of  the 
permalloy  patterns  are  of  enlarged  geometry  to  concentrate  flux  (22). 
Further  examples  are  propagation  structures  consisting  of  magnetic 
material  bars  positioned  over  the  bubble  supporting  material  (23).  While 
yet  in  another  example,  a  propagation  circuit  is  defined  by  grooves 
extending  partially  into  athinfilm  of  magnetic  bubble  material  (24). 

In  propagating  magnetic  domains  through  the  use  of  permalloy  patterns 
and  in  plane  rotating  fields,  power  consumption  of  the  driving  circuits 
which  produce  such  fields  is  of  primary  importance.  The  circuit  for 
creating  rotating  magnetic  fields  commonly  includes  a  pair  of  coils  which 
are  positioned  perpendicular  to  each  other  and  an  AC  current  source 
for  supplying  current  to  these  coils.  A  separate  current  is  supplied  to 
each  of  the    coils    which    are    90   degrees    out    of    phase.     The    total   effect 
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of  the  individual  magnetic  fields  from  the  current  in  each  coil  is  a  rotating 
magnetic  field  vector  which  extends  throughout  a  region  into  which  the 
bubble  memory  is  disposed.  A  driving  system  which  reduces  power  con- 
sumption is  formed  by  connecting  resonating  capacitors  to  the  two  coils 
that  form    the    field    (25). 

In  a  large  bubble  memory  system  which  is  divided  into  smaller  memory 
elements,  reduction  of  power  consumption  can  be  achieved  by  providing 
each  smaller  memory  element  with  its  own  driving  coils  which  are  adapted 
to    be    selectively  energized  only  when  a  memory- refer  is  made  (26). 

Bubble  memories  are  known  to  be  nonvolatile.  That  is  to  say,  bubble 
memories  retain  information  even  when  a  power  failure  occurs.  It  is 
important,  however,  to  ensure  the  in -plane  field  stops  and  starts  in 
the  same  reorientation  to  avoid  loss  of  information.  A  reactive -coupled 
pair  of  tune  circuits  can  be  used  to  drive  a  magnetic  bubble  memory. 
Refresh  pulses  can  then  be  extracted  conveniently  from  the  parallel 
tuned  circuits  to  ensure  the  same  reorientation  (27).  Another  control 
circuit  .  which  insures  such  reorientation  uses  a  DC  current  supplying 
circuit  along  with  the  AC  current  source  at  the  beginning  and  end  of 
the  operating  mode  (28). 

Another  difficult  problem  facing  practical  implementation  of  magnetic 
bubble  devices  is  sensing  the  bubble.  Despite  efforts  to  minimize  bubble 
readout  or  sensing  by  incorporating  logic  in  the  memory  to  enhance  the 
informational  content  of  each  bit,  a  reliable  sensing  unit  is  stillnecessary. 
The  basic  problem  is  the  small  magnetic  field  associated  with  a  single 
miniscule  magnetic  bubble.  This  field  is  barely  distinguishable  from 
the  background  noise  which,  by  itself,  represents  the  absence  of  a  bubble. 
The  magnetoresistive  effect  is  perhaps  the  most  effective  method  of  bubble 
detection.  A  relatively  large  output  signal  can  be  achieved  from  an  ex- 
panded magnetic  domain  by  a  relatively  long  magnetoresistance  element 
in  the  path  of  the  domain  (29).  Noise  cancellation  is  possible  through 
the  use  of  two  magnetoresistive  sensing  elements  whose  combined  voltage 
or  current  output  is  constant  in  the  absence  of  a  bubble  domain  (30). 
In  this  respect,  a  differential  detection  device  connected  to  a  pair  of 
adjacent  permalloy  columns  is  used  to  determine  the  presence  or  absence 
of  a  bubble  (31). 

Alternate  methods  of  sensing  the  magnetic  bubble  have  been  investigated. 
In  one  case,  detection  of  the  domain  is  accomplished  by  using  tunnel  junc- 
tions in  which  the  Fermi  level  of  one  or  both  the  electrodes  is  changed 
due  to  the  bubble  (32).  Sensing  can  also  be  accomplished  by  first  con- 
verting the  energy  associated  with  a  bubble  into  mechanical  energy,  and 
secondly  by  converting  the  mechanical  energy  to  electrical  energy  to  in- 
dicate the  presence  of  a  domain  (33).  In  yet  another  sensor,  the  magnetic 
bubble  is  oscillated  in  size  to  cause  a  change  in  the  self- conductance  of 
a  conductor  loop  which  is  used  as  the  oscillator  (34). 
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TECHNOLOGY  TRENDS 


Magnetic  bubble  memories  have  seen  a  rapid  growth  and  all  indications 
are  that  this  trend  will  continue.  Magnetic  bubbles,  like  CCD  memories, 
can  find  application  in  both  central  processor  units  and  in-line  bulk  mem- 
ories. Unlike  CCD  memories,  however,  this  technology  has  also  been 
projected  to  replace  magnetic  drum  and  disc  memories  (35).  Magnetic 
bubbles  are  also  more  versatile,  having  been  employed  to  write  and  read 
digitized  signals  of  audio,  video,  and  digital  data  (36).  Recently  a  mag- 
netic bubble  computer  has  been  developed  (37).  With  rapid  advances  and 
ever  broadening  industry  coverage,  magnetic  bubble  memories  can 
achieve  an  important  role  in  memory  technology. 


Technology  Analysis  by 
Rolf  G.    Hille 
Patent  Examiner 
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CHARGE  COUPLED  DEVICE  MEMORIES  (CCD)* 

Introduction 

The  basic  charge  coupled  device  is  a  species  of  an  analogue  shift  register.  It 
is  a  semiconductor  device  in  which  an  applied  electrical  field  induces  po- 
tential minima  for  signal  charge  packets  at  storage  sites  at  or  -near  the 
surface  of  the  semiconductor  material.  The  applied  electric  field  is  varied 
to  shift  the  potential  minima  to  adjacent  storage  sites  so  as  to  transfer 
signal  charge  in  a  controlled  manner  within  the  semiconductor  substrate 
from  storage  site  to  adjacent  storage  site  in  serial  fashion.  By  appropriate 
manipulation  of  the  imposed  electrical  field  the  signal  charges  canbe  recir- 
culated, stored  or  delayed  in  their  movement  through  the  substrate.  Thus, 
electrical  signal  charges,  representing  information,  canbe  generated  (read 
in),    translated  (moved  or  shifted)  and  retrieved  (read  out). 

Patents  to  charge  couple  device  memories  first  began  to  appear  in  1971. 
Since  then  this  technology  has  experienced  extremely  rapid  growth,  es- 
pecially in  the  most  recent  three  year  period,  1974-76  (estimated),  during 
which  71.4%  of  the  patents  in  the  technology  issued.  The  first  two 
graphs  on  the  following  page  illustrate  this  growth  by  both  patent  grant 
date    and   the   application    filing    date    of  these  patents. 

In  terms  of  numbers  of  patents  granted,  the  U.  S.  is  the  clear  leader  in 
CCD  memories.  Over  the  period  1974-76  (estimated),  only  18%  of  all  U.S. 
patents  in  the  area  have  been  granted  to  foreign  residents.  This  is  about 
half  the  all  technology  foreign  share  average  of  35.4%  for  the  same  period. 
The  table  following  the  graphs  (next  page)  shows,  by  patent  grant  date 
and  application  filing  date  of  these  patents,  the  country  distribution  of  the 
patents    that    were    found   to   have   been   granted   in   this  field. 

Description  of  Technology 

The  CCD  of  the  original  Boyle  and  Smith  concept  (1,  2),  **  a  portion  of  which 
is  illustrated  diagrammatically  on  the  page  following  the  patenting  data 
in  Figs,  la,  lb,  and  lc,  is  composed  of  a  semiconductor  substrate  of 
n-type  silicon.  This  substrate  carries  a  thin  insulating  film  of  silicon 
oxide  on  which  nine  metal  electrodes  are  placed  in  succession.  In  these 
devices  the  electric  field  is  generally  supplied  by  clock  potentials  of  dif- 
ferent time  sequences  applied  to  electrodes.  Two-phase  CCD  devices  have 
electrodes  in  groups  of  two  with  alternate  electrodes  connected  to  the  same 
phase  clock  line.  Three-  and  four-phase  devices  have  three  and  four  elec- 
trode groups  with  alternate  electrode  groups  connected  to  the  same  phase 
clock  line.  In  each  case  the  electrode  group  constitutes  one  storage  element 
or   one   bit   of  information. 


*    The  technology  described  in  this  report  is  contained  in  a  listing,    manually 
generated,    from   U.  S.     Patent  Classification   System   Classes    340  and  357. 

**    Numbers    in  parenthesis    refer    to  patents    listed   in   the    Bibliography  it 
the  end  of  this  report. 
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The  electrodes  shown  in  the  figures  constitute  a  three-phase  group  configu- 
ration with  surface  conductors  interconnecting  all  the  electrodes  of  one 
group.  The  clocks,  which  are  not  illustrated,  serve  to  modify  the  phase 
of  the  three  potentials  V1(  V2,  V3applied  to  the  conductors.  In  the  case 
of  Fig.  la  depletion  regions  are  shown  beneath  electrodes  1,  4  and  7  with 
charges  present  beneath  electrodes  1  and  7  and  no  charge  present  beneath 
electrode  4.  In  the  latter  region  the  semiconductor  material  is  in  a  state 
of  deep  depletion,  the  edges  of  which  regions  are  indicated  by  the  dashed 
lines.  The  logical  level  1  can  be  assigned  arbitrarily  to  the  presence  of 
charges  and  the  logical  level  0  can  be  assigned  to  the  absence  of  charge 
beneath  the  electrode.  The  aforementioned  clocks  serve  to  apply  a  potential 
Vj,  V2  and  V3,  measured  with  respect  to  the  substrate,  and  designated, 
respectively,   quiescent  or  bias  level,   storage,   and  transfer  level. 

During  storage  of  information  beneath  electrodes  having  the  order  3a  +  1 
(a  being  a  positive  integer  or  zero)  as  in  Fig.  la,  potential  values  V2, 
Vj  and  Vi  are  applied  to  the  conductors.  In  order  to  initiate  transfer 
beneath  the  electrodes,  these  potentials  are  brought  to  V2  ,  V3and  Vj, 
i.  e.  ,  the  absolute  potential  of  these  electrodes  is  increased.  The  charges 
move  from  the  electrodes  having  a  voltage  V2  to  electrodes  having  a  vol- 
tage V3as  shown  in  Fig.  IB.  Finally,  the  voltages  are  brought  to  respective 
levels  Vi,  V2  and  Vj,  as  shown  in  Fig.  1C,  which  correspond  to  the  same 
distribution  as  in  Fig.    1  except  they  are  displaced  by  one  electrode. 

The  charge  introduced  at  the  input  to  the  CCD  is  generated  by  forward 
biasing  of  a  p-n  junction  which  is  located  in  front. of  the  string  of  electrodes. 
Charge  input  can  also  be  produced  by  surface  avalanching  or  by  radia- 
tion-induced pair  creation.  Detection  at  the  output  of  the  CCD  is  obtained 
by  current  detection  with  a  reversed  biased  p-n  junction  or  Schottky  barrier 
diode.  For  shift  register  operation  in  a  typical  memory  the  output  is 
recirculated  to  the  input. 

Thrust  of  Technology 

One  important  criterion  by  which  computer  memories  are  judged  for 
commercial  effectiveness  is  access  time.  The  access  or  latency  time 
is  defined  as  the  time  required  to  access  any  bit  of  information  in  a  memory 
matrix.  Since  CCD  is  a  serial  memory  device,  access  to  a  given  bit 
of  information  usually  requires  a  relatively  long  latency  time.  However, 
the  access  time  depends  heavily  on  chip  organization  and  can  be  varied 
over  rather  wide  limits.  For  this  reason,  a  major  impetus  in  patent  activity 
is  geared  towards  chip  organization. 

A  typical  chip  organization  is  a  serial-parallel-serial  (SPS)  configuration 
(3,4).  The  information  is  written  into  a  series  register  then  transferred 
simultaneously  or  via  multiplexing  onto  parallel  paths  from  which  the  infor- 
mation is  selectively  loaded  into  charge  storage  elements.  The  information 
is    then  selectively  read    out    of    the    storage    elements,     transferred    into 
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parallel  paths,  and  then  transferred  into  a  series  output  register.  Variations 
of  the  basic  SPS  configuration  have  been  investigated,  for  example,  a  dual 
SPS  memory  (5)  where  means  are  provided  to  inject  time  samples  of  input 
signal  alternately  to  two  shift  registers  and  to  multiplex  the  outputs  there- 
from. 

In  order  to  achieve  higher  densities  for  CCD  memories,  circuit  topology 
becomes  an  important  consideration.  High  bit  densities  are  available  by 
alternately  storing  input  and  output  bits  at  even  and  odd  numbered  storage 
electrodes  of  the  input  and  output  register  so  that  each  storage  electrode 
may  serve  a  separate  channel  of  the  parallel  storage  section  (6).  To  permit 
high  channel  packing  density  in  the  storage  matrix  of  a  SPS  memory,  the 
output  register  has  as  few  as  M/N  stages  where  M  is  the  number  of  channels 
in  the  matrix  and  N  the  number  of  phases  employed  (7). 

Certain  tradeoffs  are  required  for  efficient  chip  organization.  For  in- 
stance, longer  shift  registers  result  in  longer  access  times  but  require 
less  on  chip  decoding  and  sense  regeneration  circuitry.  On  the  other  hand 
shorter  shift  registers  reduce  access  times  but  require  more  support 
circuitry.  In  order  to  promote  this  efficiency,  a  CCD  stack  memory  having 
a  last-in-first-out  memory  organization  was  developed  (8).  Another  mem- 
ory architecture  which  lends  itself  to  efficient  chip  organization  is  a  circu- 
lating memory  in  which  the  memory  stream  of  data  that  is  circulating  can 
be  modified  at  will  (9).  Another  improvement  to  CCD  memories  is  to  use 
two  phase  clock  signals  (10,  11).  This  makes  it  easier  to  fabricate  the 
shift  register  andallowsfor  greater  density.  The  two  phase  clock  capability 
is  achieved  in  part  through  the  use  of  overlapping  gate  electrodes  and  non- 
uniform insulator  thickness  (12). 

A  major  problem  in  CCD  memories  is  keeping  the  charges  shifted  and 
stored  at  proper  charge  levels.  Signal  charges  tend  to  deteriorate  as  they 
pass  through  a  register,  and  a  logic  1  can  become  a  logic  0.  To  prevent 
this  a  novel  serpentine  structure  has  been  developed  in  which  the  registers 
of  two  adjacent  arrays  are  interleaved  to  provide  a  refresh-cell  width  of 
four  times  the  width  of  a  single-shift  register  (13).  Another  method  to 
compensate  for  distortion  is  to  provide  a  series  of  equal  background  pulses 
that  are  constantly  circulated  through  the  shift  register  at  the  clock  rate 
of  the  register  (14). 

Charge  also  has  a  tendency  to  be  produced  within  the  substrate  material 
thereby  causing  erroneous  signals  at  the  register  output.  This  problem 
was  overcome  by  a  recirculating  memory  in  which  integrated  circuit  tran- 
sistors are  appropriately  located  for  draining  off  excess  electrical  charges 
(15).  Furthermore,  sensing  of  the  register  output  can  occur  physically  near 
the  power  supply  so  that  the  signal  becomes  distorted  due  to  interference 
from  the  power  supply.  To  solve  this  problem,  a  plurality  of  charge  com- 
parison circuits  were  included  in  a  CCD  memory  which  are  insensitive 
to  voltage  variation  in  the  power  supply  (16). 
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In  order  to  mass  produce  CCD  memories,  one  problem  that  must  be  solved 
is  the  reliable  detection  of  memory  output,  both  for  reading  information 
from  memory  and  for  refreshing  it.  Typically,  the  charge  output  of  any 
particular  CCD  device  will  vary  from  one  device  to  another  due  to  fabrica- 
tion variations,  high  temperature,  or  low  operating  frequencies.  To 
achieve  reliability,  compensation  must  be  provided  for  the  above  problems 
through  the  use  of  self  regulating  signals  which  adjust  the  threshold  of 
the  detection  circuitry  so  that  the  latter  correctly  senses  the  output  of  a 
storage  CCD  memory    (17,    18). 

CCD  devices  have  also  been  devised  as  "read-only"  memories  (19).  In 
these  the  charge  capacity  of  selected  sites  is  permanently  or  semi- 
permanently fixed  during  manufacture.  If  charge  is  accumulated  in  these 
sites  to  the  equilibrium  amount  and  shifted  to  an  output  site,  the  signal 
will  reflect  the  programmed  capacity  of  the  sites.  A  latent  image  memory 
which  is  selectively  operable  as  either  a  read-write  memory  or  a  readonly 
memory  has    been   developed  (20). 

Charge  coupled  imaging  devices  have  also  been  investigated  in  which  CCD 
shift  registers  are  coupled  to  light  sensitive  regions  to  store  an  image  For 
instance,  one  device  has  a  light  emitting  diode  array  disposed  adjacent 
to  a  CCD  semiconductor  device.  The  CCD  semiconductor  device  is  operated 
in  a  shift  register  mode  to  write  binary  line  status  information  into  a 
random  access  memory  (21).  Other  applications  are  a  CCD  reader  capable 
of  reading  and  buffer  storing  the  data  from  a  punched  card  (22),  and  a 
read  only  optical  memory  system  where  a  multiple  element  photo  responsive 
CCD  is  positioned  to  receive  light  energy  transmitted  from  a  mask  having 
a  plurality  of  discrete  increments  of  recorded  information  (23). 

TRENDS  IN  TECHNOLOGY 


Computer  memory  systems  are  organized  in  hierarchies  in  which  small 
fast  and  expensive  memories  are  backed  up  by  increasingly  larger,  slower, 
and  less  expensive  memories  in  order  to  maximize  system  cost  effective- 
ness. CCD  memories  can  find  application  in  both  central  processer  unit 
and  inline  bulk  memories,  however,  it  has  been  projected  that  CCD  mem- 
ories will  be  used  to  replace  magnetic  drum  and  diskmemories  where  their 
non-volatile  characteristics  are  not  requisite  (24).  To  date,  16Kbit  memory 
chips  have  been  fabricated  (25)  and  64K  bit  chips  (26)  are  in  the  develop- 
ment stage.  CCD  memories  seem  well  on  their  way  to  firmly  entrenching 
themselves    in    the   present    and  future   memory  technology. 


Technology  Analysis  by 
Rolf  G.    Hille 
Patent  Examiner 
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SECTION  VI 
ANTIPOLLUTION  PATENTING 


In  February  1970,  the  Patent  and  Trademark  Office,  in  response  to  nu- 
merous requests,  began  accumulating  a  list  of  issuing  patents  which  dis- 
closed inventions  relating  to  anti-pollution  devices  or  processes.  Because 
the  U.  S.  Patent  Classification  system  has  no  single  or  readily  identifiable 
group  of  categories  pertaining  to  anti -pollution,  the  identification  process 
was    one    of    manual    review  of  the   weekly    Official   Gazette    (OG). 

The  OG  includes  brief  descriptions  of  the  approximately  1300-1500  patents 
which  issue  weekly.  These  descriptions  were  reviewed  each  week  by  a 
team  of  technicians,  and  patents  which  appeared  to  be  pertinent  to  anti- 
pollution were  identified.  As  of  June  30,  1976,  these  efforts  had  resulted 
in  a  list  of  about  6,  000  patents. 

The  patents  cover  a  wide  range  of  utilities  --from  waste  disposal  to  exhaust 
emission  control  to  oil  spill  recovery.  Because  of  this  heterogeneity, 
the  patent  list  was  of  little  use  for  purposes  of  analysis  --  either  statistical 
or  substantive.  Consequently,  the  Office  of  Technology  Assessment  and 
Forecast  endeavored  to  categorize  the  patents.  By  individual  patent  re- 
view, the  list  was  subdivided  into  sixteen  broad  technological  groupings. 
Nine  were  large  enough  to  be  useful  for  analysis  purposes,    these  are: 

1.  Non-Polluting    Exhaust   Emission,    Other   Than  Automotive 

2.  Purification  of  Automotive  Exhaust  Emissions 

3.  Disposing,    Decontaminating  and  Recycling  of  Household 
and  Industrial  Waste 

4.  Water  Purification  Techniques 

5.  Noise  Reduction  Devices 

6.  Oil  Control,    Containment  and  Extraction  Systems 

7.  Smoke  and  Fire  Detection  Devices 

8.  Analyzers,    Sensors  and  Detectors 

9.  Process  for  the  Treatment  and  Recovery  of  Chemical  Waste 
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On  the  following  pages,     the   patent  activity  in  each  of  these   groupings   is 
treated  in  a  series  of  brief  reports.       In  each  report  the  grouping  covered 
is   first  defined  and  a  series    of    three    year*    activity    indices    are    given, 
i.  e.  ,    foreign  share,   percent  corporate  owned,   percent  government  owned. 
Following    the   indices,     the    thrust  of  the  patent  activity  is    capsulized  in 
a  series  of  short  descriptions  of  recently  issued  patents. 

On  the  second  page  of  each  report  the  patent  activity,  distributed  by  patent 
application  filing  date,  is  graphically  shown  --  both  for  all  patents  identi- 
fied in  the  grouping  and  that  portion  which  was  granted  to  residents  of  for- 
eign countries.  The  patent  activity  is  given,  each  year,  as  a  percentage 
of  the  total  identified  patents  in  the  grouping. 

This  use  of  percentages  in  the  graphs  rather  than  absolute  numbers  was 
adopted  because,  as  confirmed  by  spot  checks,  not  all  issuing  patents 
pertinent  to  antipollution  were  identified  in  the  OG  review  process.  How- 
ever, we  are  confident  that  those  that  were  identified  are  a  large  and 
representative  sample.  Thus,  percentages  are  used  to  maintain  the  graphic 
relationships  while  avoiding  the  impression  of  comprehensiveness  that 
absolute  numbers  might  convey.  Recognizing,  however,  that  these  raw 
data  are  of  interest,  the  patent  counts  by  year  (1970  -  6/30/76)  and  by 
grouping  are  given  in  the  table  on  the  next  page. 

Following  the  activity  graph  in  each  anti -pollution  technology  grouping  re- 
port, is  a  "pie  chart"  showing  the  distribution  of  the  patents  in  the  grouping 
among  the  major  U.  S.  Patent  Classifications,  called  classes.  There  are 
over  300suchmajor  classes  in  the  system.  Each  class  roughly  corresponds 
to  a  broad  area  of  technological  endeavor. 

The  distributions  shown  were  obtained  by  computer  analysis  of  the  classi- 
fication and  cross  referencing  patterns,  within  the  Patent  Classification 
System,  of  the  patents  in  each  grouping.  It  is  felt  that  the  distributions  may 
convey,  somewhat  quantitatively,  the  more  specific  technologies  involved 
in  the  patent  activity  of  each  grouping. 

Following  the  "pie  chart"  is  a  narrative  discussion  of  the  information  shown 
in  the  chart.  This  discussion  is  supplemented  by  information  as  to  specific 
subclasses**,  within  the  major  class,  which  seem  to  be  loci  for  significant 
numbers  of  the  patents  in  the  grouping.  The  reader  may  note  that,  in 
some  cases,    the   percentages   of  patents   in  a   grouping  given  for   the  sub- 


*    1974-1976  (estimated).    The  1976  data  represent  a  doubling  of  the  patent' 
ing  from  January  through  June,    1976. 

**  The  300+  major  classes  in  the  U.S.   patent  classification  system  are  fur- 
ther subdivided  into  a  total  of  more  than  95,  000  subclasses. 
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classes  described  may  total  to  more  than  that  given  for  the  class  of  which 
the  subclasses  are  a  part.  This  occurs  because  of  patent  cross  referencing. 
A  single  patent  may  appear  in  more  than  one  of  the  subclasses  mentioned 
and  is  counted  in  each  when  calculating,  for  each  subclass,  its  percentage 
of  total  patents  in  the  grouping.  However,  at  the  class  level,  that  patent 
is  counted  only  once  in  the  calculation  of  the  percentage  of  the  total  for 
the  class. 

The  following  table  lists  the  data  used  in  the  graphics  for  each  grouping 
report.  The  data  are  presented  for  purposes  of  inter -grouping  size  and 
activity  comparisons. 


PATENT  ACTIVITY  IN  SELECTED  ANTIPOLLUTION  TECHNOLOGIES 


GROUP* 


PATENTED  APPLICATIONS 


1968         1969         1970        1971 


1972 


1973 


Total 
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23  2 

265 

287 

298 

Foreign 
Total 

Origin 

17 
26 
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49 
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77 
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Origin 
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279 
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117 
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116 
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21 

5 

23 
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36 

33 
63 

36 
71 

52 
75 
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Total 

Origin 

3 
12 

6 
38 

10 
70 

20 

61 

20 

31 

20 

23 

Foreign 
Total 

Origin 

5 
6 

4 
7 

5 
20 

9 
32 

7 
23 

3 

39 

Foreign 
Total 

Origin 

1 
19 

1 
24 

13 
50 

17 
92 

7 
77 

14 
86 

Foreign 
Total 

Origin 

3 
28 

9 
38 

14 
44 

21 

67 

22 
53 

21 

33 

Foreign 

Origin 

3 

8 

4 

16 

10 

13 

Group  titles  on  first  page  of  Section  VI 


Those  interested  in  obtaining  copies  of  the  anti-pollution  patents  identified 
may  secure  lists  of  the  actual  patent  numbers  in  any  or  all  of  the  groupings 
treated  in  this  report  on  request  to  the  Office  of  Technology  Assessment 
and  Forecast;  Patent  and  Trademark  Office;  Washington.  D.  C.  20231. 
Desired  patent  copies  may  then  be  ordered  by  patent  number,  at  a  cost 
of  50  cents  each,  from  the  Commissioner  of  Patents  and  Trademarks: 
Patent  and  Trademark  Office;  Washington,    D.  C.    20231. 
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NON-POLLUTING  EXHAUST  EMISSION  -OTHER  THAN  AUTOMOTIVE 

Methods  and  associated  apparatus  for  purifying  industrial  waste  gases  and  removing 
contaminants  from  the  atmosphere.  Typical  examples  include  removal  of  hydrogen 
sulfide   from  waste   gases   and  the   screening   of  dust  particles    from  the   atmosphere. 

Activity  Indices   (1974-76E) 

Foreign  Share  36.0%  Corporate  Owned  78.8% 

Government  Owned         1.  8% 

Recent  Activity 

Recent  efforts  have  been  directed  towards  the  removal  of  S02and  other  noxious  gases 
from  industrial  power  plant  exhausts.     Patents  issued  since  June  1976,    include: 

3,963,416  -  Furnace  Exhaust  System  -  (Mach,  General  Resource  Corporation)  -  Hot 
effluent  furnace  gas  is  passed  through  a  gas-to-gas  heat  exchanger  by  means  of  a 
gas  exhaust  duct  projecting  into  the  open  end  of  a  rotary  furnace.  The  gas  is  then 
filtered  by  passing  it  to  a  dust  collecting  hood  adjacent  to  the  furnace  opening. 

3,  962,  864  -  Gas  Turbine  Power  Plant  With  Exhaust  Treatments  For  SO 2  Removal 
(Williams  et  al.  Rolls  -  Royce  (1971)  Limited)  -  Discloses  a  gas  turbine  engine  cycle 
in  which  gas  from  the  power  turbine  is  passed  to  a  further  turbine  and  then 
to  the  atmosphere  via  a  compressor  and  a  combined  cooler  and  scrubber.  In  the  latter 
water  is  heated  and  sulfur  removed  from  the  hot  exhaust  gases.  A  bed  of  flints 
containing  calcium  carbonate  and  manganese  sulfate  in  the  cooler-scrubber  is  used 
to  remove  sulfur  as  calcium  sulfate. 

3,  962,405  -  Process  For  The  Removal  Of  Sulphur  Oxides  From  Waste  Gases  (Annesser 
et  al,  Chevron  Research  Co.  )  -  Discloses  a  gas  scrubbing  process  for  the  removal 
of  sulfur  dioxide  from  a  sulfur  dioxide  containing  gas  by  scrubbing  the  gas  first  with 
a  lean  aqueous  sulfite -containing  scrubbing  solution  and  then  with  a  fresh  aqueous  con- 
centrated solution  of  alkali  metal  hydroxide  carbonate,    or  a  mixture  thereof. 

3,962,112  -  Composition  And  Process  For  Removing  Sulfur  Dioxide  From  Combus- 
tion Gases  (  Shaheen)  -  A  liquid  composition,  containing  CIO  and  detergent,  is  injec- 
ted as  an  atomized  spray  into  stack  gases  to  remove  sulfur  dioxide  from  combustion 
gases  -  particularly  those  emitted  from  the  burning  of  high  sulfur  coal. 

3,  962,  080  -  Sodium  Sulfur  Oxides  Wastes  Disposal  Process  (  Dulin  et  al,  Industrial 
Resources,  Inc.  )- Water  soluble  sulfur  oxide  containing  wastes  resulting  from  industrial 
processes  are  disposed  of  by  mixing  sodium  sulfur  oxide  wastes  with  an  alumina  and 
silica  containing  fly  ash  and/or  bottom  ash,  forming  an  agglomerate  (pellet  or 
briquette),    and  sintering  in  the  range  of  about  1000  -  2300  °    F. 

3,961,019  -  Method  For  Purification  Of  Exhaust  Gases  (Sotoh)  -  Discloses  a  method 
and  associated  apparatus  for  purifying  exhaust  gases.  These  gases  are  first  treated 
with  a  liquid  alkaline  chemical  and  thenpassed  thru  a  glass-fiber  matwhichis  converted 
into  an  electrode,    making  the  noxious  components  adhere  to  the  electrode. 

3,961,018  -  Method  For  Purification  Of  Gas  Streams  By  Removal  Of  Acidic  Gases 
(Williamson,  United  Air  Specialists,  Inc.  )  -  Acidic  gases  are  removed  from  a  gas 
stream  by  contacting  the  gas  stream  with  an  amine  vapor  in  a  reaction  zone.  When 
operating  at  ambient  temperature  and  substantially  atmospheric  pressure,  perferred 
amines  are  methylamine  and  dime  thy  lamine. 

3,  961,  01  6  -  Method  Of  Removing  Carbon  Monoxide  From  Gases  (Ger stein  et  al,  U.  S.  A.  ) 
-  A  process  and  catalyst  are  disclosed  for  purifying  an  atmosphere  containing  carbon 
monoxide  by  passing  the  atmosphere  through  a  bed  of  a  catalyst  of  TbOx  .where 
x  =1.8  to  1.5,   which  oxidizes  the  carbon  monoxide  to  carbon  dioxide. 

3,  960,  529  -  Apparatus  For  Removing  Sulfur  Oxide  From  Exhaust  Gases  (Juntgen 
et  al,  Bergwerksverband  GmbH)  -  Sulfur  oxides  are  removed  from  exhaust  gases  by 
passage  thru  a  moving  bed  of  granular,  carbon  containing  absorbant.  The  bed  of  absorbent 
moves  downward  thru  a  perforated  shaft  and  the  flow  of  gas  is  adjusted  so  that 
more  gas  passes  thru  the  upper  portion  of  the  bed  than  thru  the  lower  portion. 

3,  960,  524  -  Air  Scrubber  (Cumpston,  Jr.  )  -  Discloses  an  air  scrubber  containing 
inner  and  outer  concentric  annular  chambers  divided  by  a  common  wall.  It  contains 
a  quantity  of  liquid  which  is  broken  into  a  fine  mist  to  produce  a  large  liquid  surface 
intimately  contacting  the  air. 
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PATENT  ACTIVITY 

BY    APPLICATION 

FILING    DATE 

1968-1973 

ALL  (U.S.8F0REIGN  ORIGIN) 
FOREIGN    ORIGIN               ___-  - 
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ENT 

1968                      69 

70                               71 

72 

73 
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PERTINENT  TECHNOLOGIES 


CLASS  123 


CLASS  60 


CLASS  23 


CHEMISTRY 


INTERNAL  COMBUSTION- 
ENGINES  /     6-  9% 


POWER  PLANTS 


By  far  the  principle  co-technology  is  Gas  Separation  (Class  55)  with  25.  7%  of  the  selected 
sample  patents  issued  in  this  area.  Patents  found  here  relate  to  processes  and  apparatus 
for  separating  a  gas  from  a  mixture  of  (1)  gas  and  solid  or  liquid  particles,  (2)  a 
liquid  and  gas,  or  (3)  a  plurality  of  gases.  The  actual  gas  separation  is  effected  by 
other  than  chemical  reactions,  and  generally  involves  gas  and  liquid  contact  methods, 
gas  contact,  electricalor  magnetic  fields,  wave  energy,  diffusion,  filtration  and  similar 
physical  means. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
are  Inorganic  Chemistry  (Class  423)  with  20.7%  of  the  patents.  Chemistry  (Class  23) 
with  8.  1%  of  the  patents.  Power  Plants  (Class  60)  with  7.  7%  of  the  patents  and  Internal 
Combustion    Engines   (Class  123)  with  6.9%  of  the  patents. 

While   the  above  technological  areas    might    have    been    anticipated,     some    areas    were 
identified  in  the  cross-reference  analysis  that  were  unexpected.    These  include  Metallurgy 
(Class  75)    with   0.8%  of  the   patents.    Acoustics    (Class    181)   with   0.7%  of   the   paU 
Mineral   Oils,    Processes    and  Products    (Class    208)   with  0.  7%  of  the  patents  and  Liquid 
Purification  or  Separation  (Class  210)  with  0.  8%  of  the  patents. 

Two  of  the   specific    sub-technological  areas    within    Class    55   that  were   found  to   be  es- 
pecially pertinent    are   identified  by   subclass    designations    and   include    -    (DIG   30)   Gas 
Separation      by   Exhaust   Treatment,    with   2.9%;      and    (73)   Chromatographic    So; 
Process    for  Sulphur,    Phosphorus,   and  their  Compounds  with  2.8%  of  the  patents. 
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PURIFICATION  OF  AUTOMOTIVE  EXHAUST  EMISSIONS 

Methods  and  associated  apparatus  for  purifying  automotive  emissions.  Typical  examples 
include  catalysts  for  removing  carbon  monoxides  and  oxides  of  nitrogen. 

Activity  Indices  (1974  -  7  6E) 

Foreign  Share  58.  0%  Corporate  Owned         78.  8% 

Government  Owned       0.  0% 

Recent  Activity 

Recent  efforts  have  been  directed  towards  catalytic  converters  and  after-burners. 
Patents  issued  since  January  1976,    include: 

3,  964,  258  -  Reducing  Undesireable  Components  Of  Automotive  Exhaust  Gas  (  Romano 
et  al,  Exxon  Research  and  Engineering  Co.  ,  )  -  Discloses  a  method  and  system  for 
reducing  undesirable  pollutants.  An  emission  control  reactor  is  used  to  oxidize  hydro- 
carbons, carbon  monoxide,  and  nitrogen  oxide  pollutants.  An  electro -mechanical  de- 
vice regulates  the  delay  in  ignition  advance  and  recirculates  some  of  the  exhaust  gas 
back  to  the  engine  when  the  engine  is  choked,    idling  or  operating  with  open  throttle. 

3,961,615  -  Detoxication  Device  For  Exhaust  Gases  Of  Internal  Combustion  Engines 
(Poslek  et  al)  -  Discloses  a  detoxication  device  located  between  the  carburetor  and 
intake  manifold  of  an  internal  combustion  engine.  Secondary  air  is  admitted  radially, 
through  a  passage  aligned  with  the  carburetor  and  intake  manifold,  from  a  valve  system 
connected  to  the  accelerator  pedal.  Exhaust  toxicity  is  reduced  due  to  better  combus- 
tion of  the  fuel  mixture. 

3,961,477  -  Process  And  System  For  Detoxicating  The  Exhaust  Gases  Of  An  Internal 
Combustion  Engine  (  Grieshaber  et  al,  Robert  Bosch  G.  m.  b.  H.  )  -  Discloses  a  method 
and  systemhaving  a  reducing  reactor  and  an  oxidizing  reactor  arranged  in  series  in  the 
exhaust  line.  The  first  reactor  reduces  the  nitrogen  oxides  and  the  second  reactor 
oxidizes  the  hydrocarbons  and  the  carbon  monoxide  in  the  exhaust  gas.  An  oxygen 
measuring  element  is  also  mounted  to  the  exhaust  line  to  regulate  the  ratio  of  air  to 
fuel  used  in  the  combustion. 

3,957,445  -  Engine  Exhaust  With  Monolithic  Catalyst  Element  (  Foster,  General 
Motors  Corp.  ,  )  Discloses  a  catalytic  converter  for  oxidation  of  exhaust  gases  under 
pressure.  The  spring  holding  the  catalytic  element  is  protected  from  the  heat  of 
the  converter,    allowing  common  low  cost  springs  to  be  used. 

3,  950,491    -    Reactivation  Of  Automobile  Exhaust  Oxidation  Catalyst    (Liederman  et  al, 
Mobil  Oil  Corp.  ,  )  -  Discloses  a  method  of  reactivating  an  automobile  exhaust  oxidation 
catalyst  containing  platinum  or  other  noble  metal  components  by  subjecting  the  catalyst 
to  a  halogen   -    containing   gas    (e.  g.  ,    carbonyl  halide  or  a  mixture  of  carbon  monoxide 
and  halogen)  at  a  temperature  of  from  500      F  to  about  1000  °  F. 

3,  944,  504  -  Catalyst  For  The  Diminution  Of  Automobile  Exhaust  Gases  (Ford  et  al, 
Olin  Corporation)  -  Discloses  an  oxidation  catalyst,  for  use  in  catalytic  exhaust  con- 
verters, containing  a  nickel  based  metal  alloy  substrate,  an  oxide  layer  con- 
taining a  large  proportion  of  alumina  on  the  surface  of  the  alloy,  and  a  surface  layer 
comprising  from  60  to  100%  platinum  and  from  0  to  40%  palladium. 

3,  935,  705  -  Exhaust  Manifold  For  An  Internal  Combustion  Engine  (Hergoualch,  Regie 
Nationale  des  Usines  Renault)  -  Discloses  an  internal  combustion  engine  manifold 
which  also  serves  as  an  exhaust  gas  depollution  reactor.  An  ante-chamber  into  which 
the  gas  initially  flows  can  be  made  to  operate  as  a  post-combustion  chamber  by  intro- 
duction of  excess  combustion  air  while  the  engine  is  operating  under  the  usual  richer 
fuel/air  mixture  on  start-up. 

3,  937,  617  -  Catalytic  Converter  For  Automotive  Internal  Combustion  Engine  (  Yaguchi, 
Nissan  Motor  Company,  Ltd.  )  -Discloses  a  catalytic  converter  containing  metallic  flex- 
ible mesh  fabric  to  tightly  hold  a  unitary,    solid  skeletal  catalytic  element  within  a  casing. 

3,  931,  710  -  Method  And  Installation  For  The  Predetermined  Addition  Of  Secondary  Air 
For  The  Optimum  Combustion  Of  Exhaust  Gases  Of  Internal  Combustion  Engines 
(Hartel,  Deutsche  Vergaser  Gmbh  &  Co.  )  -  Discloses  a  method  and  apparatus  for  the 
predetermined  addition  of  secondary  air  to  an  after  burner  to  effect  optimum  com- 
bustion of  exhaust  gases.  The  air  regulating  apparatus  senses  at  least  three  external 
control  or  guide  conditions  or  measures  which  are  in  a  non-linear  interdependent  re- 
lationship with  each  other. 
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PERTINENT  TECHNOLOGIES 


CLASS  55         -         GAS    SEPARATION 


CLASS  23        -        CHEMISTRY 


There  are  two  technologies  that  dominate  this  group:  Internal  Combustion  Engines  (Class 
123)  with  36.7%  of  the  patents  and  Power  Plants  (Class  60)  with  35.3%  of  the  patents. 
Found  in  Class  123  are  inventions  relating  to  prime  movers  or  engines  in  which  a  com- 
bustible material  is  burned  within  an  enclosed  place  or  chamber  and  the  heat  energy 
produced  is  converted  into  mechanical  motion.  Class  60,  is  a  residual  class  and  the 
patents  found  therein  are  concerned  with  the  driving  of  a  load  by  the  conversion  of  heat. 
pressure,     radiant,     or    gravitational    energy    into  mechanical  motion. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
include  Chemistry  (Class  23),  with  6.2%  of  the  sample  and  Gas  Separation  (Class  55). 
with  3.7%  of  the  sample.  Unexpected  areas  that  were  identified  in  the  cross -reference 
analysis  include  Acoustics  (Class  181),  with  2.1%  of  the  sample.  Compositions  (Class 
252),  with  1.8%  of  the  sample;  and  Gas  &  Liquid  Contact  Apparatus  (Class  2ol)  with  1.  l*i 
of  the  sample. 

Some  of  the  very  specific  sub-technological  areas  within  Class  123  that  were  found  to  be 
especially  pertinent  are  identified  by  subclass  designations  and  include:  (1A)  Fuels. 
Lubricants  and  Additives  -  2.  5%;  (32EA)  Electronic  Actuator  for  Forced  Oil  Internal 
Combustion  Engines  -  7.  5%;  (97B)  Speed  Regulation  Using  the  Drag  of  the  Engine  to 
Brake  Vehicle  -  5.0%;  (119A)  Charge- Forming  Devices  which  Utilize  the  Exhaust  Gas 
-  25.0%;  (119B)  Charge -Forming  Device  Using  Vapor  from  Crankcase  -  5.0*:  (U9R) 
Charge -Forming  Devices  -  3.8%;  (122AB)  Charge  Transfer  Devices  Wherein  H< 
Mixture  and  Heating  Medium  Join  One  Another  -  3.8%:  and  (13o)  Oil  Feeding  QkUrg«- 
Forming  Device  -  7.  5%  of  the  patents. 


170 


DISPOSING,    DECONTAMINATING  AND  RECYCLING  OF  HOUSEHOLD  AND 
INDUSTRIAL  WASTE 

Methods  and  associated  apparatus  for  removing,  recycling  and/or  decontaminating 
household  and  industrial  waste.  Included  are  refuse  processing  equipment  compactors 
and  processes  for  converting  sewage  sludge  to  plant  nutrients. 

Activity  Indices  (1974-1976E) 

Foreign  Share         24.9%  Corporate  Owned  65.3% 

Government  Owned  0.  8% 

Recent  Activity 

Recent  efforts  include  composting  devices,  waste  disposal  systems  and  sludge  treat- 
ment systems.       Patents  issued   since  May  1976,    include: 

3,966,415  -  Aerobic /Anaerobic  Composting  Device  (Chester)  -  A  composting  device 
is  disclosed  which  is  a  free-standing  rotatable  wheel  with  an  open  mesh  material  on 
its  exterior  sides  and  ends.  Organic  waste  material  is  placed  in  the  wheel,  a  remov- 
able cover  is  placed  over  the  open  mesh  material  on  the  sides  of  the  wheel  and  the 
wheel  is  rotated  periodically  to  mix  and  aerate  the  contents  with  a  tumbling  action. 
Fertilizers  or  other  chemicals  of  high  nitrogen  content  may  be  added  to  promote  de- 
composition. For  anaerobic  treatment,  the  wheel  is  not  rotated.  Instead  two  covers 
are  used  to  restrict  the  flow  of  air  and  the  contents  are  removed  as  required  by  rotation 
of  the  wheel. 

3,  966,  129  -  Refuse  Processing  Equipment  (Brewer,  Garbalizer  Corporation  of 
America)  -  Discloses  a  mauling  device  for  preparing  heterogenous  refuse  material 
for "  relatively  inexpensive  further  processing.  Solid  waste  material  is  mauled  by 
passing  it  through  a  revolving  chamber  having  a  central  fixed  shaft  with  an  auger 
end.  A  preferred  form  of  the  device  provides  for  separating  out  ferrous  metals  and 
air-classifying  the  remaining  refuse  for  further  processing. 

3,  965,  006  -  Liquid  Waste  Disposal  (Otte,  American  Sterilizer  Co.  ,  )  -  Discloses 
a  hospital  type  liquid  or  semi -liquid  waste  disposal  apparatus  containing  a  funnel  shaped 
wet  bottom  chamber  connected  to  a  trap.  The  chamber  is  equipped  with  a  foot  oper- 
ated cover,  nozzles  for  rinsing,  and  a  vent  to  remove  airborne  odors,  aerosols,  fumes 
and  air. 

3,964,406  -  Waste  Disposal  Apparatus  (Partridge  et  al)  -  Discloses  a  two  burner 
furnace  system  for  combustion  of  solid  waste.  An  endless  movable  track  is  used 
to  transport  the  waste  to  a  primary  burner.  Combustibles  from  this  burner  are 
passed  to  a  secondary  burner  for  further  combustion. 

3,963,471  -  Apparatus  And  Process  For  Producing  An  Organic  Product  From  Sewage 
Sludge  (Hampton)  -  Discloses  an  integrated  and  automated  three  phase  waste  treat- 
ment apparatus  for  converting  sludge  to  a  plant  nutrient.  In  the  first  phase  the  sludge 
is  dewatered;  in  the  second  it  ,is  dried,  pelletized,  and  sterilized;  and  in  the  third 
and  final  phase  it  is  passed  through  an  air-solid  separator. 

3,963,040  -  Waste  Disposal  System  (Gezari,  International  Telephone  and  Telegraph 
Corp.  )  -  Discloses  a  boat  waste  disposal  system  consisting  of  a  head  and  holding 
tank  and  dual  deck  side  exhaust  outlets  that  permit  conventional  dockside  pumpout 
or  overboard  dumping. 

3,  960,  725  -  Method  For  Sludge  Treatment  (Bjermo  et  al,  System  AB  Infoteknik) 
-  Metal  oxides  are  recovered  from  sludge  in  a  five  stage  process.  Solids,  insolubles 
and  water  are  removed  by  a  rotating  separator.  The  sludge  is  then  treated  to  give  it  a 
film  forming  consistency  which  is  applied  to  a  media  and  dried.  In  the  final  stage 
granules  of  metal  oxide  are  collected  and  concentrated. 

3,  956,  980  -  Method  For  Processing  Refuse  Material  (Lassiter)  -  Discloses  a  pro- 
cess for  comminuting,  heating,  compressing  and  drying  nutrient  containing  wastes, 
such  as  food  waste  from  dining  establishments  and  sewage,  which  uses  a  heated  platen 
assembly  to  compress,   dry  and  sterilize  the  waste  material. 
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PERTINENT  TECHNOLOGIES 

CLASS  220  -  METALLIC  RECEPTACLES 
CLASS  4  -  BATHS,    CLOSETS,    SINKS 

AND  SPITTOONS 

CLASS  214  -  MATERIAL  OR  ARTICLE 

HANDLING 
CLASS  241-  SOLID  MATERIAL 

COMMINUTION  OR 

DISINTEGRATION 


The  principle  co-technology  is  Liquid  Purification  or  Separation  (Class  210).  with 
24.  5%  of  the  selected  sample  patents.  Patents  found  in  this  class  relate  to  processes 
and  apparatus   for  separating  any  material  from  a   liquid.       Included  are  processes  for: 

(I)  separation  ofa  constituent  of  a  liquid  mixture  by  dialysis,  sorption  or  ion-exchange, 
filtration,  and  gravitational  separation;  (2)  treatment  of  a  liquid  mixture  for  purification 
by  destruction  or  conversion  ofa  constituent;  (3)  treatment  of  sewage  and  waste  liquids 
by  living  organisms;  or  (4)  removal  of  a  constituent  from  a  liquid  mixture  by  contacting 
it  with  another  liquid  acting  as  a  separating  medium,    as  a  solvent  or  solute. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
are:  Solid  Material  Comminution  or  Disintegration  (Class  241).  with  7.  7 To  of  the  pat- 
ents; Furnaces  (Class  110),  with  15.3%  of  the  patents;  Presses  (Class  100).  with 
13.  7%  of  the  patents;  Metallic  Receptacles,  with  2.0%  of  the  patents;  and  Material 
or  Article  Handling,    with  6.  0%  of  the  patents. 

Some  of  the  specific  sub-technological  areas  within  Class  210  that  were  found  to  be 
especially  pertinent  are  identified  by  subclass  designations  and  include:  (b)  Process 
Outside  the  Main  Stream  for  Sludge  Treatment  by  Living  Organisms  -  2.5%;  (7)  Process 
for  Main  Stream  Oxygenation  Prior  to  Treatment  of  Sludge  with  Living  Organisms  - 
6.  1%;  (10)  Sludge  Treatment  by  Living  Organisms  Including  Sludge  De-Watering  -  J.  $•".■; 

(II)  Treatment  by  Living  Organisms  with  Addition  of  Growth  Medium  -  2.  5 •"'.■:  iH) 
Treatment  by  Living  Organisms  with  Internal  Circulation  Process  -  J.  C  ui>;. 
Purification  by  Chemical  Treatment  with  Oxidation  -  4.  1%:  (104)  Diverse  Sensing  V.e.ins 
Responsive  to  Material  Level  -  2.8%;  and  (195R)  Recirculation  by  Serially  Connected 
Distinct  Treating  or  Storage  Units   -  5.  1%. 
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WATER  PURIFICATION  TECHNIQUES 

Methods  and  associated  apparatus  for  purifying  water.  Included  are  processes  for  treating 
industrial  sludge  and  sewage  to  remove  pollutants  and  toxic  chemicals. 

Activity  Indices   (1974-76E) 

Foreign  Share  39. 3%  Corporate  Owned         72.  3% 

Government  Owned       2.  8% 

Recent  Activity 

Recent  efforts  have  been  directed  towards  processes  for  oxidizing  liquid  sewage.  Patents 
issued  since  May  1976,   include: 

3,  966,  633  -  Waste  Water  Processing  (Friedman,  Cogas  Development  Company)  -  Waste 
water  formed  in  the  gasification  of  coal,  containing  NH  3  ,  H2  S  and  phenolic  com- 
pounds, is  purified  by  stripping  with  steam  to  remove  H2  S  and  a  substantial  proportion 
of  the  ammonia,  while  leaving  enough  ammonia  in  the  water  to  maintain  a  pH  of  at  least 
8.  The  ammoniacal  water  is  then  flashed  into  a  stream  of  superheated  steam  being  fed 
to  the  gasification  zone  to  decompose  organic  impurities. 

3,  966,  594  -  Treatment  Of  Aqueous  Waste  Solution  (Ohkawa  et  al,  Sumitomo  Chemical 
Company,  Ltd.  )  -Waste  water  containing  water-soluble  organic  anionic  substances  (e.g. 
organic  sulfonic  acids,  organic  nitro  compounds  and  phenols )  is  purified  by  acidifying  the 
waste  water  and  extracting  it  with  an  organic  solvent  containing  specific  dibenzylalkyl- 
or  alkenyl- amines   (e.g.,    dibenzyl  octylamine). 

3,  965,  009  -  Apparatus  For  Biological  Purification  Of  An  Effluent  (Kaelin)  -  Discloses 
a  biological  sludge  purification  apparatus  containing  at  least  two  basins  linked  with  each 
other.  Sludge  effluent  is  supplied  to  one  basin  and  oxygen  is  introduced  into  it.  After 
a  period  of  time  the  oxygen  enriched  effluent  is  supplied  to  the  second  basin  for  final 
purification.  The  purified  water  is  removed  from  the  second  basin  when  the  activated 
sludge  concentration  in  the  first  basin  drops  below  a  certain  value.  Then  the  direction 
of  the  operation  is  changed  so  that  the  second  basin  functions  as  the  activated  sludge 
basin  and  the  first  basin  as  the  final  purification  basin. 

3,  964,  998  -  Improvements  In  And  Relating  To  Waste  Water  Treatment  (Barnard,  The 
South  African  Inventions  Development  Corp.  )  -  Discloses  a  five  stage  process  for  re- 
moving nitrogen  from  raw  or  settled  sewage.  The  sewage  is  passed  through  an  anoxic 
biological  denitrification  stage,  an  aerated  biological  nitrification  stage,  another  anoxic 
biological  denitrification  stage,  an  aeration  stage  to  facilitate  solids  separation,  and 
finally  a  solids  separation  stage  to  provide  a  clarified  effluent  and  an  active  sludge. 
The  mixed  liquor  from  the  second  stage  is  recycled  to  the  first  stage  and  at  least 
a  portion  of  the  active  sludge  is  recycled  to  the  first  stage. 

3,963,611  -  Oxidation  Process  For  Improving  The  Environmental  Quality  Of  Water  Con- 
taining Sulfur  And/Or  Inorganic  Sub -Six- Sulfur -Containing  Impurities  (Dardenne  - 
Ankringa,  Jr.  ,  Chevron  Research  Company)  -  Discloses  an  oxidation  process,  for  re- 
moving sulfur  contaminants  from  waste  water,  that  does  not  require  substantial  quan- 
tities of  heavy  metal  oxidation  catalysts.  The  waste  water  is  contacted  with  molecular 
oxygen  at  90  -180  °  C  for  0.  1  to  5  hours  in  the  presence  of  enough  strong  base  to  provide 
at  least  one  equivalent  of  hydroxyl  ion  per  gram  atom  of  sulfur  to  be  oxidized. 

3,  962,  076  -  Process  For  Converting  Aqueous  Sewage  To  Potable  Water  (Hess  et  al, 
Texaco,  Inc.  )  -  Discloses  a  process  for  reclaiming  fresh  water  from  aqueous  sewage, 
by  coking  the  sewage  in  the  liquid  phase  to  form  gases,  coke  and  an  effluent,  and 
extracting  the  effluent  with  a  hot  liquid  hydrocarbon  to  form  a  hydrocarbon-water  solution 
and  a  hot  concentrated  brine.  Hot  water  is  removed  from  the  hydrocarbon-water  solution, 
and  used  for  space  heating  or  the  like  and  thereby  cooled.  The  cool  water  then  is  passed 
through  a  carbon  absorber  to  remove  traces  of  dissolved  hydrocarbon,  and 
chlorinated  to  give  potable  water.  The  hot  brine  is  injected  into  the  sewage  sludge  to 
heat  it  to  coking  temperature. 

3,960,718  -  Method  And  Apparatus  For  Treating  Liquid  Sewage  And  Waste  (Lebo)  - 
Liquid  sewage  or  waste  is  converted  into  a  plant  nutrient  and  soil  conditioner  by  inject- 
ing a  stream  of  oxygen  gas  into  the  sewage  and  waste  material  in  a  special  pressurized 
vessel  that  serves  to  aerate  the  mixture  and  disintegrate  the  solids.  The  mixture  is 
then  sterilized  by  adding  sufficient  sulfuric  acid  to  adjust  the  ph  to  3.  In  the  final  stages, 
the  ph  is  readjusted  to  approximately  6  or  7  and  the  treated  waste  is  discharged  onto 
compost  material  such  as  sawdust  and  peat  moss. 

3,960,717  -  Process  For  Treating  Waste  Water  (Wyatt,  Air  Products  and  Chemicals, 
Inc.  )  -  Discloses  an  oxidative  process  for  purification  of  waste  water  in  which  the  waste 
water  is    stripped    of    nitrogen    by    treatment    with    a   stripping   gas   prior    to   oxidation. 
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PERTINENT  TECHNOLOGIES 


CLASS  423      - 


CLASS  204 


CLASS  61 


CHEMISTRY,  —-_____ 
INORGANIC 

CHEMISTRY,— 
ELECTRICAL  AND 
WAVE  ENERGY 
HYDRAULIC  AND  ' 
EARTH  ENGINEERING 


By  far  the  principle  co-technology  is  Liquid  Purification  or  Separation  (Class  210).  with 
73.  3%  of  all  patents  in  the  selected  sample.  Patents  found  here  relate  to  processes 
and  apparatus  for  separating  any  material  from  a  liquid.  Included  are  processes  for: 
(1)  separation  of  a  constituent  of  a  liquid  mixture  by  dialysis,  sorption  or  ion-exchange, 
filtration,  gravitational  separation;  (2)  treatment  of  a  liquid  mixture  for  purification 
by  distribution  or  conversion  of  a  constituent;  (3)  treatment  of  sewage  and  waste  liquids 
by  living  organisms;  or  (4)  removal  of  a  constituent  from  a  liquid  mixture  by  contacting 
it  with  another  liquid  acting  as  a  separating  medium,   as  a  solvent  or  solute. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
are:  Chemistry,  Inorganic  (Class  423),  with  2.6%  of  the  patents ;  Hydraulic  and  Earth 
Engineering  (Class  61),  with  4.1%  of  the  patents;  and  Chemistry,  Electrical  and  Wan 
Energy  (Class  204),    with  3.  2%  of  the  patents. 

While  the  above  technological  areas  might  have  been  expected,  some  areas  were  iden- 
tified in  the  cross-reference  analysis  that  might  not  have  been  anticipated.  These  in- 
clude: Furnaces  (Class  110),  with  0.  o%  of  the  patents;  Mineral  Oils  --  Processes  and 
Products  (Class  208),  with  0.  9%  of  the  patents;  Radiant  Energy  (Class  250),  with  0.  6% 
of  the  patents;  and  Chemistry,    Carbon  Compounds  (Class  2o0),    with  0.7%  of  the  pate 

Some  of  the   specific    sub -technological    areas   within    Class     210   that   were   found   to   be 
especially  pertinent  are  identified  by  subclass  designations  and  include]  (44)  Liquid  Pur- 
ification by  Flotation  Precipitation  -  3.  1%;   (54)  Liquid  Purification  by  Organic  Pr. 
2  .5%;   and  (242R)  Liquid  Separation  by  Movable  Support  Float  -  S.  1%. 
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NOISE  REDUCTION  DEVICES 

Methods  and  associated  apparatus  for  muffling  sounds  such  as  those  encountered  in  com- 
bustion engines,  braking  devices,  and  lift  truck  mast  units.  Mufflers  and  sound  barriers 
are  typical  of  the  devices  found  here. 

Activity  Indices  (1974-76E) 

Foreign  Share  28.  8%  Corporate  Owned         75. 7% 

Government  Owned       3.  8% 

Recent  Activity 

Recent  patent  activity  has  been  directed  towards  reducing  noise  in  auto  combustion 
engines.    Patents  issued  since  June  1976,   include: 

3,966,026  -  Noise  Reducing  Support  For  Friction  Linings  Of  Braking  Devices  (Filder- 
man,  Societe  Anonyme  Francaise  du  Ferodo)  -A  noise  reducing  support  for  friction  brake 
linings  composed  of  a  stack  of  thin  metallic  sheets  attached  to  each  other  and  contiguous 
with  each  other  over  their  whole  surface. 

3,  966,  016  -  Muffler  Converter  (Hecht)  -  Discloses  a  muffler  for  an  internal  combustion 
engine  composed  of  a  hollow  shell  enclosing  a  hollow  casing  equipped  with  a  conduit 
and  specifically  placed  baffles.  The  insulated  environment  provided  by  the  enclosed 
hollow  casing  reduces  the  noise  level  of  engine  exhaust  gases,  and  provides  sufficiently 
high  temperature  combustion  space  for  the  unburned  hydrocarbon  materials  in  the  exhaust 
gases    to  be  substantially  burned  or  converted  before  exiting  the  muffler. 

3,966,015  -  Silencer  Element  (Bychinsky,  General  Motors  Corporation)  -  Discloses  a 
muffler  divided  into  a  plurality  of  compartments,  each  containing  strategically  located 
baffles.  The  baffles  prevent  linear  flow  of  exhaust  through  the  muffler  by  creating  first 
and  second  curvilinear  exhaust  flow  paths  around  each  baffle,  each  having  an  acoustical 
flow  path  length  to  produce  wave  interference  silencing  of  a  predetermined  noise  fre- 
quency within  each  compartment. 

3,  966,  014  -  Air  Intake  Silencer  (Gowing,  Bombardier  Limited)  -  Discloses  an  air 
intake  silencer,  for  a  two-stroke  cycle-type  internal  combustion  engine,  composed  of  a 
housing  which  connects  to  the  carburetor,  a  filter  chamber,  and  a  resonance  chamber. 
The  intake  duct  has  a  perforated  tube  section  for  smoothy  distributing  air  to  the  filter 
chamber.  The  resonance  chamber  is  separated  from  the  filter  chamber  by  means  of 
a  perforated  baffle  plate  and  has  dimensions  selected  to  correspond  to  the  frequency 
ranges  of  the  noise  to  be  eliminated. 

3,  964,  570  -  Silencer  For  Combustion  Engines  (Morrow)  -  Discloses  a  silencer,  for 
relatively  lowhorsepower  engines,  constructed  of  two  separate  sections  in  series  through 
which  exhaust  gases  pass.  The  upstream  section  has  two  concentric  perforated  tubes 
within  an  imperforate  jacket  with  exhaust  openings  from  the  tubes  into  a  vestibule. 
Exhaust  gases  pass  from  this  vestibule  in  a  circumferential  path,  enter  a  second  series 
of  concentric  perforated  tubes  within  the  jacket,  pass  to  a  chamber  between  the  jacket 
and  the  outermost  tube,  and  then  through  perforations  in  the  walls  of  the  tubes  to  an 
exhaust  outlet  port. 

3,964,462  -  Sound  Proofed  Internal  Combustion  Engine  (Thien  et  al,  Hans  List)  - 
Discloses  an  internal  combustion  engine  having  a  soundproof  casing  aerated  by  a  blower 
and  divided  by  at  least  one  partition  wall  into  two  cooling  air  ducts  tightly  separated 
from  each  other.  One  duct  contains  all  fuel  carrying  components  of  the  engine,  the 
other,   all   exhaust   components  of  the  engine.       Lessened  risk  of  engine  fire  is  asserted. 

3,961,689  -  Spacer  And  Noise  Supressor  Cushions  For  Lift  Truck  Mast  Units  (Les- 
kovec,  Towmotor  Corporation)  -  Discloses  a  spacer  and  noise  suppressor  cushion  for 
use  in  lift  truck  mast  units  between  facing  beam  flanges.  The  cushions  are  composed 
of  elastomeric  material  and  have  an  undercut  surface  to  increase  resiliency. 

3,961,682  -  Sound  Absorbing  Wall  Element  (Dausch  et  al,  Hermann  Hemscheidt 
Maschinenfabrik)  -  Discloses  a  multi-layered  sound-absorbing  wall  element  having  one 
of  the  layers  composed  of  small  shreds  of  scrapped  reinforced  pneumatic  rubber  tires 
bonded  together  to  form  a  low-density  irregular  structure  having  pores. 

3,  960,  238  -  Sound  Attenuating  Engine  Enclosure  (McClure  et  al,  Caterpillar  Tractor 
Co.  )  -  Disclosed  is  a  sound  attenuating  engine  enclosure  adaptable  to  earth  moving  ve- 
hicles. The  enclosure  consists  of  panels  with  sound  attenuating  material  secured  thereto. 
Seals  are  used  to  coact  between  complementary  parts  to  provide  a  substantially  airtight 
enclosure  having  large  flat  surfaces  which  are  damped  and  isolated  from  structure 
borne  excitation.  Small  pivotal  doors  in  the  panels  permit  ready  access  to  the  engine 
compartment.  A  plurality  of  openings  in  the  enclosure  provides  effective  noise  dissi- 
pation while  allowing  cooling  air  to  flow  with  minimal  restriction  through  the  compart- 
ment. 
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PERTINENT  TECHNOLOGIES 


CLASS  137     -        FLUID  HANDLING 


CLASS  180     -        MOTOR  VEHICLES  , 

CLASS  123      -        INTERNAL  ■ - 

COMBUSTION  ENGINES 


CLASS  73        -        MEASURING  AND 
TESTING 

CLASS  60        -        POWER  PLANTS  ' 


The  principle  co-technology  is  Acoustics  (Class  181),  with  61.9%  of  all  patents  in 
the  selected  sample.  Patents  found  here  relate  to  devices  and  corresponding  methods 
for  mechanically  transmitting,  amplifying  and  ascertaining  the  direction  of  sound, 
and  for  mechanically  muffling  or  filtering  sound. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
are:  Power  Plants  (Class  60),  with  3.  2%  of  the  patents;  Measuring  and  Testing  (Class 
73),  with  2.4%  of  the  patents;  Internal- Combustion  Engines  (Class  123).  with  -.4"'. 
of  the  patents;  and  Motor  Vehicles   (Class  180),   with  2.  2%  of  the  patents. 

Some  of  the  specific  sub-technological  areas  within  Class  181  that  were  found  to  be 
especially  pertinent  are  identified  by  subclass  designations  and  include:  (33HA)  Reac- 
tion Engine  Silencers  by  Intake  Location  -  2.  2%;  (33HB)  Reaction  Engine  Silencers 
by   Exhaust   Location    -    2.  6%;     (33HC)    Reaction   Engine   Silencers    with    Fluid    Mingling 

-  8.  3%;  (33A)  Mufflers  and  Sound  Filters  with  Acoustical  Mechanical  Vibration  Atten- 
uators -  3.  5%;  (33E)  Mufflers  and  Sound  Filters  with  Sound  Reflected  Toward  Desired 
Location  -  3.  1%;  (33G)  Mufflers  and  Sound  Filters  by  Sound  Absorbing  Panel  and 
Wall  Structures  -  7.9%;  (33K)  Mufflers  and  Sound  Filters  with  Cases  and  Coverings 
for  Noisy  Art  Devices  -  14.8%;  (33R)  Mufflers  and  Sound  Filters  -  .  *5A1 
Fluid  Conducting  or  Guiding  Intake  Silencers  -  2.  2%:  (36A)  Sound  Modifying  Means 
Combined  with  Pneumatic  Tools  -  3.  1%;  (36R)  Combined  Sound  Modifying  MMM  - 
2.  6%;    (42)  Sound    Modifying    Means     Through   Passage   with   Sound   Absorbing    Material 

-  2.  2%;  (44)  Sound  Modifying  Means  with  By-Pass  -  2.  6%;  (49)  Baffle  Type  Sound 
Modifying  Means  -  3.5%;  (50)  Baffle  Type  Sound  Absorbing  Material  -  8.7%;  1 5 .- 1 
Retroverted  Sound  Modifying  Moans  -   2.  o"',.;     (So)   Multi- l\\ss.»ge  Sound   Modifying   M«lM 

-  2.  6%;  and  (57)  Expansion  Chamber  Sound  Modifying  Means   -  3.  1%. 
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OIL  CONTROL,    CONTAINMENT  AND  EXTRACTION  SYSTEMS 

Methods  and  associated  apparatus  for  control,  containment  and  extraction  of  oil  spills 
on  land  and  water.  The  use  of  special  barges  and  oil  absorbents  are  typical  of  the 
processes  and  apparatus  used. 

Activity  Indices   (1974-76E) 

Foreign  Share  15.5%  Corporate  Owned         59.2% 

Government  Owned       2.  9% 

Recent  Activity 

Recent  patent  activity  has  been  directed  towards  removing  oil  pollutants  from  the 
surface  of  bodies  of  water  and  reclaiming  the  oil.  Patents  issued  since  May  1976, 
include: 

3,966,615  -  Oil  Collection  Barge  (Petchul  et  al)  -  Discloses  a  barge  designed  to 
collect  and  contain  oil  spills  on  the  surface  of  water.  It  consists  of  a  longitudinal 
U  shaped  channel  with  an  adjustable  water  and  oil  intake  funnel  at  the  forward  end, 
an  oil  blockage  wall  and  adjustable  flow  splitter  at  the  rear,  a  water  vent  at  the  rear 
bottom,  and  an  adjustable  vent  plate  so  that  water  entering  through  the  funnel  flows 
through  the  channel  and  out  the  vent.  The  oil  on  the  water  flows  into  the  channel, 
is  trapped  by  the  blockage  wall,  removed  from  the  channel  surface,  and  stored  in 
the  holding  tank  for  later  disposal. 

3,966,614  -  Oil  Spill  Cleanup  System  (Ayers,  Shell  Oil  Company)  -  Discloses  a  de- 
vice for  removing  oil  from  the  surface  of  water  containing  a  chamber,  baffles,  and 
skimming  heads.  The  device  is  articulated  from  front  to  rear  to  permit  it  to  con- 
form to  the  waves. 

3,  966,  613  -  Apparatus  For  Spilling  Retrieval  (Kirk  et  al)  -  Discloses  a  spill  collec- 
ting apparatus  composed  of  a  catamaran  constructed  with  spaced  parallel  hulls,  bow 
and  stern  gates  between  the  hulls  forming  a  well  and  a  mechanism  for  deploying  a 
collapsible  floatable  sheet  over  the  well  to  confine  the  spill.  Each  of  the  gates  are 
supported  by  the  hulls  for  independent  pivotal  movement.  The  gates  are  operated 
in  conjunction  with  the  sweeping  movement  of  the  catamaran  through  a  body  of  water 
having  a  floating  liquid  spilling.  A  quantity  of  the  spilling  accumulates  in  the  well  to 
a  predetermined  thickness  before  the  release  of  the  sheet  retrieval  apparatus.  The 
collected  oil   is    then  pumped  from  the   well  into  a  storage   device   for  later   disposal. 

3,  962,  083  -  Apparatus  And  Method  For  Protecting  A  Shoreline  Against  Contamination 
from  an  Oil  Spill  (Goldman,  RRC  International,  Inc.  )  Discloses  an  apparatus  for  laying 
protective  oil  absorbing  strips  of  plastic  netting  filled  with  polyolefin  fibers  onto  a 
shoreline  before  the  arrival  of  an  oil  spill.  Afterwards  the  strips  are  picked  up 
and  the  oil  is  extracted. 

3,  960,  722  -  Oil  Absorbent  (Tomikawa  et  al,  Idemitsu  Kosan  Kabushiki  Kaisha)- 
Disclosesa  plastic  oil  absorbent  material  for  removing  oil  in  or  on  the  surface  of  water. 
The  absorbent  material  is  produced  by  foaming  polyethylene  containing  30-80%  by  weight 
calcium  sulfite  and/or  calcium  carbonates  and  shaping  the  material  to  a  network 
structure. 

3,060,719  -  Coalescent  Filter  For  Oil-Water  Dispersions  (Bresson,  Phillips  Petroleum 
Company)  -  Discloses  a  coalescence  filtering  medium  for  oil-water  dispersions,  com- 
posed of  a  fabric  made  from  an  oleophilic  fiber-forming  polymer  giving  it  a  high  ratio 
of  surface  area  to  unit  weight. 

3,959,134  -  Oil  Collection  Agents  And  Their  Use  In  Containing  Oil  Slicks  (Canevari, 
Exxon  Research  and  Engineering  Co.  )  -  A  method  is  disclosed  for  reducing  the  size  of  oil 
slicks  and  containing  these  by  contacting  the  perimeter  of  the  oilslicks  withan  oilcollection 
agent  composed  ofa  mixture  of  C10-  C20  aliphatic  monocarboxylic  acid  or  sorbitan  mono- 
ester  thereof  in  combination  with  a  nonpolar  solvent  or  a  solvent  package  that  is  essentially 
nonpolar.  The  effective  spreading  caused  by  the  spreading  pressure  of  the  oil  collection 
agent  reduces  the  area  of  the  oil  slick  in  size  and  the  oil  may  thereafter  be  destroyed 
or  physically  removed  from  the  water. 

3,959,127  -  Biodegradation  Of  Oil  On  Water  Surfaces  (Bartha  et  al,  U.S.A.  -  Navy)  - 
A  method  is  disclosed  for  the  removal  of  free-floating  oil  slicks  on  bodies  of  water  by 
microbial  degration  ata  greatly  enhanced  rate.  The  essential  microbial  nutrients,  nitrogen 
and  phosphorus  are  applied  to  the  oil  slick  in  a  form  that  dissolves  in  or  adheres  to  the 
oil.      This  selectively  stimulates  the  activity  of  the  oil-metabolizing  microorganisms.    . 
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PERTINENT  TECHNOLOGIES 


CLASS  166 


WELLS 


CLASS  208      -         MINERAL  OILS: 

PROCESSES  AND  PRODUCTS 


The  principle  co-technology  is  Liquid  Purification  or  Separation  (Class  210)  with  62.  l*i 
of  all  patents  in  the  selected  sample.  Patents  found  here  relate  to  processes  and  ap- 
paratus for  separating  any  material  from  a  liquid.  Included  are  processes  for:  (1) 
separation  of  a  constituent  of  a  liquid  mixture  by  dialysis,  sorption  or  ion-exchange, 
filtration,  gravitational  separation;  (2)  treatment  of  a  liquid  mixture  for  purification 
by  destruction  or  conversion  of  a  constituent;  (3)  treatment  of  sewage  and  waste  liquids 
by  living  organisms;  or  (4)  removal  of  a  constituent  from  a  liquid  mixture  by  contacting 
it    with  another  liquid  acting  as  a  separating  medium,   as  a  solvent  or  solute. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
are:  Hydraulic  and  Earth  Engineering  (Class  61)  with  15.  2%  of  the  patents;  Wells  (Class 
166),  with  3.0%  of  the  patents;  and  Mineral  Oils  --  Processes  and  Products  (Class  JOM. 
with  4.  9%  of  the  patents. 

Some  of  the  specific  sub-technological  areas  within  Class  210  that  were  found  to  be 
especially  pertinent  are  identified  by  subclass  designations  and  include:  (11)  Treat- 
ment by  Living  Organisms  by  Addition  of  Growth  Medium  -  2.4%;  (23R)  Separating 
by  Septum  Selective  as  to  Composition  -  5.5%;  (30R)  Ion  Exchange  or  Sorption  by  Re- 
habilitation -  6.1%;  (3  2)  Rehabilitation  by  Gas,  Water,  Destructive  Agent.  Weak  Add 
or  Base  or  Salt  of  Same  -  2.4%;  (36)  Rehabilitation  by  Attractive  Material  Associated 
with  Inert  Material  -  4.9%;  (40)  Ion  Exchange  by  Absorption  by  Hydrophobic  Sorbent 
from  Aqueous  or  Polar  Dispersant  -  9.1%:  (83)  Liquid  Separation  by  Gravitational 
Force  -  4.3%;  (170)  Liquid  Separation  by  Geographic  Structual  Installation 
and  (242R)  Liquid  Separation  by  Movable  Support  Float  -  40.  °", 
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SMOKE  &  FIRE  DETECTION  DEVICES 

Methods  and  associated  apparatus  for  detecting  smoke  and/or  fire,  and  giving  an  alarm. 
Typical  examples  include  ionization  smoke  detectors  and  systems  for  giving  audible 
alarms. 

Activity  Indices  (1974-76E) 

Foreign  Share  38.  7%  Corporate  Owned         76.  6% 

Government  Owned       0.  0% 

Recent  Activity 

Recent  efforts  have  been  directed  towards  ionization  type  smoke  detection  systems 
and  audible  alarm  systems.    Patents  issued  since  March  1976,   include: 

3,  967,  255  -  Flame  Detection  Systems  (Oliver  et  al,  The  Delphian  Foundation)  - 
Discloses  a  method  and  an  apparatus  for  activating  an  alarm  and/or  turning  on  a  fire 
extinguishing  system,  which  is  responsive  to  the  unique  spectral  energy  character- 
istic or  "signature"  of  a  hydrocarbon  flame.  The  system  contains  two  light  responsive 
photovoltaic  photocell  sensors  in  combination  with  corresponding  light  filters,  a  photo- 
voltaic sensing  amplifier,  a  control  amplifier,  and  a  power  source.  When  the  illumina- 
tion from  a  hydrocarbon  flame  causes  a  reversal  in  voltage  polarity  of  the  signal  from 
the  pair  of  photovoltaic  photocells,  a  central  signal  is  sent  to  the  control  amplifier  which 
in  turn  activates  a  relay  and/or  solenoid  valve  causing  the  alarm  and/or  extinguishing 
system  to  turn  on. 

3,  964,  047  -  Fire -Alarm  Audible  Signaling  System  Permitting  Selective  Communications 
and  Signaling  (Antonaccio,  Wheelock  Signals,  Inc.  )  -  Discloses  a  fire-alarm  audible 
signaling  system  which  permits  selective  communications  and  signaling  between  a  cen- 
tral control  station  and  a  number  of  fire  zones  such  as  floors  of  a  high  rise  building. 
The  system  continually  monitors  itself  to  assure  it  is  in  working  order.  The  communi- 
cation and  signaling  is  done  over  a  single  two-wire  or  three-wire  circuit  that  also 
provides  power  to  the  system. 

3,  964,  036  -  Ionization  Smoke  Detector  Co-Used  To  Issue  Fire  Alarm  And  Detect  Am- 
bient Atmosphere  (Adachi  etal,  Hochiki  Corporation)  -A  fire  alarm  system  is  disclosed 
having  a  plurality  of  ceiling  fixtures  containing  ionization  smoke  detectors  which  are 
located  in  regions  of  a  building  to  be  protected.  Each  ionization  smoke  detector 
is  provided  with  an  auxiliary  circuit  for  producing  an  auxiliary  signal  which  is  re- 
sponsive to  the  environmental  conditions  of  the  detector.  The  circuit  is  designed 
to  detect  the  probability  of  issuing  a  false  alarm  and  to  determine  its  cause  without 
any  influence   on  the  normal  function  of  the  fire  alarm. 

3,  963,  929  -  Ionization  Analyzing  Air  Pollution,  Smoke  And  Fire  Alarm  Device 
(Beyersdorf,  GEBA-Gesellschaft  fur  elektronische  Brandmeldeanlagen  mbH  &  Co.  )  - 
Discloses  an  ionization  analyzing  alarm  system  having  an  air  baffle  zone,  a  first  ioni- 
zation chamber  with  advantageously  located  electrodes,  radioactive  source  and  cir- 
cuitry, sensitivity  controls  and,  optionally,  a  second  ionization  chamber  with  radioactive 
source  and  an  additional  electrode,  the  central  of  three  electrodes  serving  both  cham- 
bers. It  is  asserted  that  the  design  permits  ease  of  manufacture,  reliability  and  ex- 
tensive accuracy. 

3,  961,  195  -  Fire  Detector  Having  Means  For  Heating  The  Support  Member  Of  An  Elec- 
trode To  Prevent  Formation  Of  Moisture  Thereon  (Newington  et  al)  -  Discloses  an 
ionization  type  fire  detector  for  use  in  mines  and  similar  installations  wherein  the  in- 
sulating support  for  the  electrode  is  heated  to  prevent  formation  of  moisture  on  the 
support  which  can  cause  current  to  leak  to  the  housing. 

3,943,499  -  Portable  Fire  Detector  (Dunphy,  Pyrotector  Incorporated)  -  A  portable 
fire  alarm  device  with  a  self-contained  power  supply  is  disclosed  for  use  in  garages, 
warehouses,  construction  sites,  and  the  like.  When  fire  radiation  is  detected  from  any 
direction,  the  alarm  is  energized  by  a  signal  through  a  normally  closed  mercury  type 
switch.  The  alarm  may  be  shut  off  by  tilting  the  device  to  a  predetermined  angle  which 
opens  the  mercury  switch.  A  second  normally  open  mercury  switch  connects  the  power 
supply  to  the  alarm  device  and  is  so  oriented  that  tilting  the  device  to  a  predetermined 
angle  closes  said   switch  and  energizes    the  alarm  to   test  the  condition  of  the  battery. 
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The  principle  co-technology  is  Communications,  Electrical  (Class  340)  with  45.  2r. 
of  all  patents  in  the  selected  sample.  Patents  found  here  relate  to  devices  and  methods 
for  handling  information  or  intelligence.  Any  active  co-action  between  the  tangible 
system  and  device  and  an  intangible  information  or  intelligence  is  included,  such  as 
information  transmission,  storage,  exhibiting,  etc.  There  need  not  be  any  convey- 
ance of  information  between  geographically  spaced  patents.  Data  processing  systems 
are  found  here. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
are:  Chemistry  (Class  23),  with  4.5%  of  the  patents;  Furnaces  (Class  110).  with  3.  2iri; 
of  the  patents;  and  Radiant  Energy  (Class  250),    with  24.8%  of  the  patents. 

While  the  above  technological  areas  might  have  been  expected,  some  areas  were  iden- 
tified in  the  cross-reference  analysis  that  might  not  have  been  anticipated.  These 
include:  Gas  Separation  (Class  55),  with  2.  5%of  the  patents;  Ventilation  (Class  98).  with 
1.3%  of  the  patents;  Gas  and  Liquid  Contact  Apparatus  (Class  261).  with  1.3%  of  the 
patents;  and  Chemistry,   Inorganic   (Class  423).    with  1.3%  of  the  patents. 

Some  of  the  specific  sub-technological  areas  within  Class  340  that  were  found  to  be 
especially  pertinent  are  identified  by  subclass  designations  and  include:  (.2.27  R)  Auto- 
matically Responsive  System  to  Condition  of  Temperature.  Flame  or  Radiant  Energy  - 
8.  5%;  (228R)  Automatically  Responsive  System  to  Thermo-Electrical  Sensor  -  7.0" 
(228.  2)  Automatically  Responsive  System  to  Flame  Flicker  Frequency  -  7.  0%;  (229) 
Automatically  Responsive  System  to  Fluid  Pressure  Sensor  -  4.  2%;  (237R)  Auto- 
matically Responsive  System  to  Gas  or  Smoke  -  11.  3%;  (237S)  Automaticalh  s-.\c 
System  to  Smoke  Detector  -36.6%;  and  (420)  Automatically  Responsive  System  to  Pi- 
verse  Conditions  -  4.  2%. 
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ANALYZERS,    SENSORS  AND  DETECTORS 

Methods  and  associated  apparatus  for  analyzing,  sensing  or  detecting  pollutants.  In- 
cluded are  radiation  and  gas  detection  systems,  and  analyzers  for  chemical  waste  and 
gases. 

Activity  Indices  (1974-76E) 

Foreign  Share  26.9%  Corporate  Owned         73.4% 

Government  Owned     10.  0% 

Recent  Activity 

Recent  efforts  have  been  directed  towards  analyzing  gases  and  measuring  radiation. 
Patents    issued    since    April   1976,    include: 

3,967,122  -  Radiation  Analyzer  Utilizing  Selective  Attenuation  (Ashe  et  al,  G.  D. 
Searle  &  Co.  )  -  Discloses  a  flourescent  X-ray  radiation  analyzer  which  employs  a  single 
photodetector  and  a  plurality  of  scintillators.  Light  filters  interposed  between  selected 
scintillators  selectively  attenuate  radiation  of  a  predetermined  energy  range.  Plural 
analyzers,  each  associated  with  a  single  scintillator,  each  receive  electrical  photo- 
detector  pulses  which  are  attenuated  to  a  different  degree.  Each  analyzer  is  adjusted 
to  tabulate  certain  photodetector  pulses  according  to  their  amplitude,  which  differs 
with  the  degree  of  attenuation. 

3,965,471  -  Radiation  Detection  System  (Haeuszer,  U.S.A.,  Air  Force)  -  Discloses 
a  radiation  detection  system  consisting  of  radiation  sensors,  a  blocking  oscillator  that 
generates  a  pulse  in  response  to  each  sensor  signal,  and  an  output  pulse  duration  control 
circuit.  The  system  is  capable  of  delivering  clamping  signals  as  required  in  circum- 
vention circuits. 

3,  963,  927  -  Detection  Of  Hidden  Insects  (Bruce  et  al,  U.  S.  A.  ,  Agriculture)  -  Discloses 
a  system  of  detecting  insects  by  the  measurement  of  CO  2  respired  which  can  be  used 
in  ships,  railcars,  warehouses  and  the  like.  The  system  contains  a  series  of  valves, 
pressure  regulator,  gauges  and  an  infrared  detection.  The  atmosphere  is  selectively 
sampled  to  allow  the  C02  to  build  up  to  a  level  where  it  can  be  measured. 

3,961,248  -  Gas  Detector  Using  Gas  Sensing  Elements  Exhibiting  Different  Response 
Characteristics  (Kawamura,  Nohmi  Bosai  Kogyo  Co.  ,  Ltd.  )  -  Discloses  a  gas  detector 
containing  a  pair  of  input  terminals,  a  pair  of  output  terminals,  and  an  electric  circuit 
having  a  plurality  of  gas  sensing  elements  connected  between  the  input  and  output  termi- 
nals. The  gas  sensing  elements  each  have  a  different  sensitivity  for  at  least  one  of 
the  gaseous  components  to  be  detected.  The  elements  are  combined  in  an  electrical 
circuit  to  provide  an  output  indicating  the  existence  of  a  particular  gas  in  an  atmosphere. 

3,  961,  189  -  Device  For  Monitoring  Activity  Of  Gases  (Hiller  et  al,  Kraftwerk  Union 
Aktiengesellschaft)  -  Discloses  an  apparatus  for  monitoring  radioactivity  of  exhaust 
gases  in  nuclear  engineering  installations,  especially  for  metrologically  registering 
iodine  containedin  exhaustair.  The  device  contains  gas -withdrawing  lines,  and  a  common 
measuring  and  evaluating  station  to  which  the  gas -withdrawing  lines  are  connected.  The 
gas -withdrawing  lines  are  made  of  polytetrafluorethylene  surrounded  by  a  grounded 
metal  jacket  to  prevent  deposition  of  radioactive  material  from  the  gases  on  the  inner 
surface  of  the  lines. 

3,  960,  523  -  Effluent  Gas  Monitor  -  (Ryan,  Aluminum  Company  of  America)  -  Discloses 
an  apparatus  and  method  for  monitoring  an  effluent -bearing  gas.  The  gas  is  first  ad- 
mitted to  a  main  chamber  of  the  apparatus  where  it  is  contacted  with  a  vaporized  liquid 
which  removes  the  effluent.  The  gas  is  then  discharged  from  the  chamber.  The  va- 
porized liquid  is  condensed  and  introduced  to  a  reservoir  from  which  a  main  portion 
is  removed  and  analyzed  for  gaseous  borne  effluent. 

3,953,792  -  Particulate  and  Aerosol  Detector  -  (Fletcher  et  al,  U.S.A.,  NASA)  -  Dis- 
closes a  device  for  counting  aerosols  and  sorting  them  by  size,  mass  or  energy.  The 
device  contains  an  accelerator,  a  capacitor  sensor  anda  readout.  The  accelerator  is  used 
to  accelerate  the  aerosols  toward  the  face  of  the  sensor  with  such  force  that  they  par- 
tially penetrate  it,  and  momentarily  discharge.  The  readout  device  measures  the  number 
and  strength  of  the  discharge. 
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The  principle  co-technology  is  Radiant  Energy  (Class  250)  with  38.  6%  of  all  patents 
in  the  selected  sample.  Patents  found  here  relate  to  methods  and  apparatus  for  using, 
generating,    controlling   or   detecting    radiant   energy. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
are:  Chemistry  (Class  23),  with  14.6%  of  the  patents;  Measuring  and  Testing  (Class 
73),  with  5.1%  of  the  patents;  Chemistry,  Electrical  Wave  Energy  (Class  204).  with 
5.  3%  of  the  patents;  Electricity,  Measuring  and  Testing  (Class  324).  with  5.5%  of 
the  patents;  Electrical  Resistors  (Class  338),  with  2.  5%  of  the  patents;  and  Communi- 
cations,   Electrical  (Class  340),    with  9.8%  of  the  patents. 

While  the  above  technological  areas  might  have  been  expected,  some  areas  were  identi- 
fied in  the  cross-reference  analysis  that  might  not  have  been  anticipated.  These  include: 
Gas  Separation  (Class  55),  with  1.7%of  the  patents;  Internal  Combustion  Engines  (Class 
123),  with  0.8%  of  the  patents;  and  Electric  Lamp  and  Discharge  Devices  (Class  313). 
with  1.  9%  of  the  patents. 

Some  of  the  specific  sub-technological  areas  within  Class  250  that  were  found  to  be 
especially  pertinent  are  identified  by  subclass  designations  and  include:  (-11J)  Special 
Photo-Cell  with  Photosensitive  Junctions  -  3.3%;  (336)  Invisible  Radiant  Energy  Re- 
sponsive Electric  Signalling  -  4.4%;  (338)  Infra-red  Responsivo  Invisible  Radiant 
Energy  Electric  Signalling  -  2.  7%;  (339)  Infra-red  Responsive  with  Selection  of  Plural 
Discreet  Wavelengths  or  Bands  -  2.7%;  (343)  Test  with  Infra-red  Light  for  Trans- 
mission Through  a  Fluent  Material  -  9.3%;  (3t>o)  Invisible  Radiant  Energ\  -.ve- 
to Plural  Electric  Signalling  Means  -  3.8%;  (370)  Semiconductor  Type  Invisible  Radiant 
Energy  Responsive  Electric  Signalling  -  3.8%:  (373)  Test  with  Ultra -violo: 
Transmission  Through  a  Fluent  Material-  2.7%;  and  (390)  Neutron  Responsive  Elect  rie 
Signalling  -  3.  3%. 
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PROCESSES  FOR  THE  TREATMENT  AND  RECOVERY  OF  CHEMICAL  WASTE 

Chemical  processes  and  associated  apparatus  which  diminish  pollution  levels  in  waste. 
In  some  cases  useful  chemicals  are  reclaimed.  Typical  examples  include  recovering 
seleniumfrom  waste  gas,  reclaiming  spent  solvent,  and  treating  organic  waste  to  produce 
a  fuel. 

Activity  Indices   (1974-76E) 

Foreign  Share  32.2%  Corporate  Owned         86.8% 

Government  Owned       4.  0% 

Recent  Activity 

Recent  patent  activity  has  been  directed  towards  removal  of  phenol  from  waste  water, 
treating  decomposable  organic  waste,  and  separating  gaseous  mixtures.  Patents  issued 
since  May  1976,   include: 

3,  966,  889  -  Process  For  The  Recovery  Of  Selenium  From  Waste  Gas  (Kakuta  et  al, 
Asahi  Glass  Co.  ,  Ltd.  )  -  Discloses  a  method  for  removing  selenium  from  waste  gas 
evolved  from  glass  melting  furnaces.  This  is  accomplished  by  contacting  a  waste  gas 
containing  a  selenium  material  with  an  absorbing  solution  containing  an  alkali  metal  sul- 
fite or  bisulfite.  The  treated  waste  gas  is  passed  through  a  glass  fiber  filter  in  which 
any  remaining  selenium  material  is  collected  by  the  moistened  filter.  Metallic  selenium 
is  recovered  by  reducing  the  selenium  compounds  dissolved  in  the  discharge  absorbing 
solution,    and  the  solution  used  to  wash  the  glass   fiber  filter. 

3,  966,  602  -  Process  And  Apparatus  For  Reclaiming  And  Regenerating  Spent  Solvent 
(Burger,  E.  I.  Du  Pont  de  Nemours  and  Company)  -  Discloses  a  process  and  appara- 
tus .for  reclaiming,  cleaning  and/or  drying  liquids  from  a  mixture  of  water,  1,  1,  2- 
trichloro  -  1,  2,  2,  -  trifluroethane  and  a  surfactant.  The  mixture  is  allowed  to 
separate  into  a  water  and  an  oil  phase  after  which  these  phases  are  automatically  separ- 
ated. Water,  1,  1,  2-trichloro  -  1,  2,  2,  trifluroethene  and/or  surfactant  are  then 
added  to  the  oil  phase  to  regenerate  a  useful  cleaning  and/or  drying  liquid. 

3,  963,  610  -  Method  For  Removing  Phenol  From  Waste  Water  (Hauschulz  et  al,  Phe- 
nolchemie  GmbH)  -  Discloses  a  cumene  process  for  extraction  of  phenol  from  water. 
The  spent  cumene  is  washed  with  an  aqueous  solution  of  1  to  20  wt%  non-ionogenic 
compounds,  such  as  aryl  polyglycol  ethus,  prior  to  washing  with  sodium  hydroxide. 
These  measures  are  asserted  to  remove  floe  forming  substances  originating  from  the 
waste  waters. 

3,  962,  113  -  Method  For  Accelerating  Oxygen  Removal  Employing  An  Aqueous  Solution  Of 
An  Alkyl  Hydrazine  (Schiessl  et  al,  Olin  Corporation)  -  Discloses  a  method  of  re- 
moving dissolved  oxygen  from  aqueous  solutions  (e.g.  ,  boiler  water)  by  treatment  with 
alkyl  hydrazines. 

3,961,913  -  Process  For  Treating  Organic  Wastes  And  Product  Thereof  (Brenneman 
et  al,  Combustion  Equipment  Associates,  Inc.)  -  Discloses  a  process  for  treating  the 
organic  fraction  of  solid  waste.  Material  with  up  to  11  wt%  of  mineral  acid  (e.g., 
HC1  or  H2  SO„)  : 
a  powdered  fuel. 

3,961,031  -  Method  For  Removal  Of  Mercury  In  Sulfur  Dioxide- Containing  Gas  (Yasui 
et  al,  Nippon  Mining  Co.  ,  Ltd.  )  -  Mercury  in  the  vapor  state  is  selectively  removed 
from  sulfur  dioxide  containing  gas  by  washing  the  gas  with  an  aqueous  throurea  solution, 
optionally  containing  acid. 

3,961,025  -  Method  Of  Carbonizing  A  Substance  Comprising  Cellulose  (Harendza- 
Harinxma)  -  Discloses  a  method  of  carbonizing  cellulose  in  municiple  waste  by  mixing 
the  waste  with  alkali  metal  meta-aluminate  (e.g.,  sodium  aluminate)  and  heating,  typi- 
cally 300    -  600°    C,    in  air. 

3,  957,  623  -  Stable,  Catalytically  Active  And  Coke  Selective  Zeolite  (McDaniel  et  al, 
W.  R.  Grace  &  Co.  )  -  Disclosed  is  a  method  for  saving  rare  earth  which  is  an  expensive 
component  of  catalysts.  A  stable  rare  earth  exchanged  zeolite  having  high  catalytic 
activity  and  improved  coke  selectivity  is  prepared  by  a  series  of  exchange  steps  whereby 
the  rare  earth  is  introduced  into  a  zeolite  in  a  two  step  manner.  The  method  comprises 
exchanging  a  sodium  zeolite  to  less  than  4.  0  weight  percent  Na2  O,  exchanging  with  rare 
earth  to  give  an  initial  rare  earth  oxide  content  of  0.  3  to  5  weight  percent,  calcining, 
and  further  rare  earth  exchanging  the  zeolite  to  give  a  final  rare  earth  content  of  1.0 
to   10  weight  percent. 

3,  955,  943  -  Diffusion  Method  Of  Separating  Gaseous  Mixtures  (Pontius,  U.S.A.,  ERDA) 
-  Disclosed  is  a  method  of  effecting,  by  diffusion,  a  relatively  large  change  in  the  relative 
concentrations  of  the  components  of  a  gaseous  mixture.  The  method  comprises  separating 
the  mixture  into  heavier  and  lighter  portions  according  to  a  major  fraction  mass  recycle 
procedure,  and  further  separating  the  lighter  portions  into  still  lighter  subportions 
according  to  a  major  fraction  equilibrium  recycle  procedure. 
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PATENT  ACTIVITY 


PERCENT  r  30 


BY    APPLICATION 

FILING    DATE 

1968-1973 


ALL  (U.S.  a  FOREIGN  ORIGIN) 


FOREIGN  ORIGIN 


-20 


I  0 


1968 


69 


70 


72 


73 


PERTINENT  TECHNOLOGIES 

CLASS  260  -  CHEMISTRY,    CARBON  -^^ 

COMPOUNDS 
CLASS  71   -  CHEMISTRY,    FERTILIZERS 
CLASS  44  -  FUEL  AND  IGNITING^^^ 

DEVICES 
CLASS  162  -  PAPER  MAKING  AND 

FIBER  LIBERATION 
CLASS  204  -  CHEMISTRY.  - 

ELECTRICAL  AND 

WAVE  ENERGY 
CLASS  55  -  GAS  SEPARATION 

CLASS  75  -  METALLURGY 

CLASS  210  -  LIQUID  PURIFICATION  OR 

SEPARATION 


These  are  two  technologies  that  dominate  this  Group:  Chemistry,  Inorganic  (Class 
423)  with  29.1%  of  the  selected  sample  patents,  and  Mineral  Oils:  Processes  and 
Products  (Class  208)  with  23.4%  of  the  selected  sample  patents.  Patents  found  in  Class 
423  relate  to  inorganic  compounds,  and  non-metallic  elements  and  methods  for  their 
preparation  and  purification. 

Other  technological  areas  in  which  a  substantial  number  of  these  patents  are  classified 
include:  Fuel  and  Igniting  Devices  (Class  44),  with  3.  3%;  Gas  Separation  (Class  55), 
with  4.  0%;  Chemistry,  Fertilizers  (Class  71),  with  3.  0%;  Metallurgy  (Class  75).  with 
4.0%;  Paper  Making  and  Fiber  Liberation  (Class  162),  with  3.3%;  Chemistry,  Electrical 
and  Wave  Energy  (Class  204),  with  3.7%;  Liquid  Purification  or  Separation  (Class  210). 
with  7.4%;   and    Chemistry,     Carbon    Compounds    (Class    260),    with    2.7%  of  the  patents. 

Some  of  the  specific  sub-technological  areas  within  Class  423  that  were  found  to  be 
especially  pertinent  are  identified  by  subclass  designations  and  include:  (10)  Catalytic 
Preparation,  Recovery  or  Extraction  from  Solid  Natural  Sources  -  4.3%;  (208R)  Re- 
fining for  Sulphur  Removal  -  5.  7%;  (208M)  Refining  for  Sulphur  Removal  Using  Free 
Alkali  Metal  -  5.7%;  (209)  Refining  for  Sulphur  Removal  with  Hydrogen  -  2.9%;  (J10) 
Refining  for  Sulphur  Removal  Using  Plural  Stage  Treatments  with  Hydrogen  -  14.3%; 
(211)  Refining  for  Sulphur  Removal  with  Preliminary  Treatment  of  Feed  -  2.9%:  (213) 
Refining  for  Sulphur  Removal  with  Solid  Catalyst  or  Absorbent  -  4.  3%;  (21  o)  Refining 
for  Sulphur  Removal  with  Heavy  Metal  Sulphide  -  17.  1%;  (JJS)  Refining  for  Sulphur 
Removal  with  Alkali  or  Alkali  Earth  Metal  Compound,  Preliminarm  Treatment  of  Feed  - 
2.9%;    and    (230)    Refining   for   Sulphur    Removal  with  Alkali  Metal  Compound  -   -.  °'  . 
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APPENDIX  A 
SECTIONS  I  AND  II  DATA  TABLES 


This  Appendix  contains  the  tables  of  data  which  were  illustrated  in  the 
graphical  presentations  in  Sections  I  and  II.  Tables  A-l  through  A-4 
relate  to  Section  I.  Tables  A-5  and  A- 6  relate  to  Section  II.  In  both 
Sections  statistics  are  reported  on  the  basis  of  calendar  years. 

A  few  background  and  explanatory  comments  concerning  the  Section  I  tables 
may  be  useful.  In  Table  A-l,  U.S.  Patent  Activity,  the  "Grants  to  Foreign 
Residents"  data  includes  all  patents  --  inventions,  plants  and  designs.  The 
data  for  the  year  1836  includes  both  the  patents  granted  in  that  year  prior 
to  the  effective  date  of  the  1836  Patent  Law  (July  4,  1836)  and  those  granted 
in  that  year  after  that  date. 

In  Table  A- 2,  U.  S.  Patenting  by  State,  the  patenting  in  a  territory,  prior 
to  statehood,  is  included  under  the  ultimate  state  name.  The  state  patent- 
ing data  are  based  on  inventor  residence.  However,  in  the  years  prior  to 
the  early  1960's,  a  corporate  mailing  address  was  sometimes  givenfor  that 
of  an  inventor.  Since  the  early  1960's  the  distinction  between  inventor 
residence  and  mailing  address  has  been  maintained. 

In  Table   A-3,     U.S.     Patenting  by  Residents  of  Selected  Foreign  Countries, 
patenting    for    a    listed   country   includes    that  for    "predecessor"   countries 
(e.  g.  ,   patenting    for    residents    of   Persia   is    listed  under   Iran).     Patenting 
data  in    this     table   includes    all    patent    grants    --   inventions,     designs    and 
plants. 


TABLE  A-l 

U.S.  PATENT  ACTIVITY 

1790  -  1879 


1>5 


Year 

Grants 

Year 

Grants 

Year 

Grants 

Year 

Grants 

ttm 

Grants 

1790 

3 

1800 

41 

1809 

203 

1818 

222 

1827 

331 

1791 

33 

1801 

44 

1810 

223 

1819 

156 

1828 

/->. 

1792 

11 

1802 

65 

1811 

215 

1820 

155 

1329 

447 

1793 

20 

1803 

97 

1812 

238 

1821 

168 

1830 

544 

1794 

22 

1804 

84 

1813 

181 

1822 

200 

1831 

573 

1795 

12 

1805 

57 

1814 

210 

1823 

173 

1832 

474 

1796 

44 

1806 

63 

1815 

173 

1824 

228 

1833 

586 

1797 

51 

1807 

99 

1816 

206 

1825 

304 

1834 

630 

1798 

28 

1808 

158 

1817 

174 

1826 

323 

1835 

752 

1799 

44 

Year 

la) 
Applications 

Grants 

Grants  to 
Foreign  Residents 

Patents'*'' 

Designs 

1836 

Ic) 
702 

8 

1837 

436 

7 

1838 

515 

17 

1839 

404 

10 

1840 

735 

458 

19 

1841 

847 

490 

21 

1842 

761 

488 

11 

1843 

819 

494 

14 

8 

1844 

1045 

478 

12 

20 

1845 

1246 

475 

17 

12 

1846 

1272 

566 

59 

1? 

1847 

1531 

495 

60 

21 

1848 

1628 

584 

46 

14 

1849 

1955 

988 

49 

17 

1850 

2193 

884 

83 

20 

1851 

2258 

757 

90 

17 

1852 

2639 

890 

109 

20 

1853 

2673 

846 

86 

26 

1854 

3328 

1759 

57 

35 

1855 

4435 

1892 

70 

41 

1856 

4960 

2315 

107 

31 

1857 

4771 

2686 

113 

45 

Year 

la) 
Applications 

Grants 

Grams  to 
Foreign  Residents 

Patents 

Dengm 

1858 

5364 

3467 

102 

28 

1859 

6225 

4165 

108 

47 

1860 

7653 

4363 

183 

49 

1861 

4643 

3040 

142 

83 

1862 

5038 

3221 

195 

80 

1863 

6014 

3781 

176 

12S 

1864 

6932 

4638 

139 

181 

1865 

10664 

6099 

221 

181 

1866 

15269 

8874 

294 

244 

1867 

21276 

12301 

325 

275 

1868 

20420 

12544 

446 

337 

1869 

19271 

12957 

506 

377 

1870 

19171 

12157 

737 

644 

1871 

19472 

11687 

905 

522 

1872 

18246 

12200 

884 

581 

1873 

20414 

11616 

747 

493 

1874 

21602 

12230 

886 

547 

1875 

21638 

13291 

915 

563 

1876 

21425 

14172 

802 

787 

1877 

20308 

12920 

699 

590 

1878 

20260 

12345 

590 

581 

1879 

20059 

12133 

592 

648 

(a)  Includes  applications  for  design  patents. 

(b)  From    1836—1842  includes  design  patents. 

(c)  Includes  599  patents  issued  prior  to  July  4,   the  effective  date  of  the    1836  patent  law. 
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TABLE   A-l 

U.S.  PATENT  ACTIVITY 

1880  -  1976 

[Continued] 


Year 

Applications 

Grants 

Grants  to 
Foreign 
Residents 

Year 

Applications 

Grants 

Grants  to 
Foreign 
Residents 

Patent 

Design 

Plant 

Patent 

Design 

Plant 

Patent 

Design 

Plant 

Patent 

Design 

Plant 

1880 

21761 

634 

12926 

515 

786 

1930 

89554 

4182 

16 

45226 

2712 

6085 

1881 

24878 

678 

15548 

565 

995 

1931 

79740 

4190 

37 

51756 

2937 

5 

6897 

1882 

30270 

948 

18135 

861 

1135 

1932 

67006 

4345 

46 

53458 

2944 

46 

7376 

1883 

33073 

1238 

21160 

1020 

1259 

1933 

56558 

3600 

27 

48774 

2411 

33 

7170 

1884 

34192 

1230 

19122 

1150 

1284 

1934 

56643 

4399 

28 

44419 

2921 

32 

6489 

1885 

34697 

862 

23282 

773 

1549 

1935 

58117 

5728 

72 

40618 

3866 

45 

5980 

1886 

35161 

645 

21768 

595 

1489 

1936 

62599 

6478 

66 

39783 

4556 

49 

5734 

1887 

34420 

1041 

20399 

949 

1466 

1937 

65324 

7207 

45 

37683 

5137 

55 

5638 

1888 

34713 

971 

19552 

835 

1536 

1938 

66874 

8084 

48 

38062 

5027 

41 

5776 

1889 

39607 

857 

23322 

723 

2003 

1939 

64093 

7137 

76 

43073 

5593 

45 

6338 

1890 

39884 

1046 

25308 

886 

2105 

1940 

60863 

8530 

91 

42237 

6145 

85 

6148 

1891 

39418 

1025 

22310 

836 

1928 

1941 

52339 

7203 

67 

41108 

6486 

62 

5311 

1892 

39514 

1130 

22645 

817 

2051 

1942 

45549 

4218 

60 

38449 

3728 

65 

3943 

1893 

37293 

1060 

22747 

902 

2473 

1943 

45493 

2986 

41 

31054 

2229 

47 

2625 

1894 

36987 

1357 

19833 

928 

2166 

1944 

54190 

5063 

42 

28053 

2916 

38 

2564 

1895 

39145 

1463 

20855 

1115 

2049 

1945 

67846 

8066 

52 

25694 

3524 

17 

2112 

1896 

42077 

1828 

21825 

1445 

2027 

1946 

81056 

10698 

72 

21805 

2779 

56 

1656 

1897 

45661 

2150 

22065 

1631 

2221 

1947 

75443 

7644 

92 

20139 

2102 

52 

1617 

1898 

33915 

1843 

20375 

1803 

2752 

1948 

68740 

7048 

59 

23961 

3968 

44 

1984 

1899 

38937 

2400 

23288 

2139 

3311 

1949 

67592 

6998 

70 

35131 

4451 

93 

3105 

1900 

39673 

2225 

24656 

1758 

3483 

1950 

67264 

6739 

105 

43039 

4718 

90 

4408 

1901 

43973 

2361 

25554 

1734 

3402 

1951 

60438 

4279 

71 

44326 

4164 

58 

4888 

1902 

48320 

1170 

27121 

640 

3499 

1952 

64554 

4993 

84 

43616 

2959 

101 

5635 

1903 

49289 

770 

31032 

536 

3763 

1953 

72284 

5450 

99 

40467 

2714 

78 

4331 

1904 

51168 

818 

30259 

557 

3285 

1954 

77185 

5465 

95 

33809 

2536 

101 

4433 

1905 

54034 

781 

29777 

486 

3292 

1955 

77188 

5764 

118 

30432 

2713 

103 

4065 

1906 

55471 

806 

31169 

625 

3471 

1956 

74906 

4824 

104 

46816 

2977 

101 

6646 

1907 

57679 

896 

35860 

589 

3866 

1957 

74197 

4714 

101 

42745 

2362 

129 

6282 

1908 

60142 

1131 

32736 

757 

3338 

1958 

77495 

4923 

134 

48330 

2375 

130 

7395 

1909 

64408 

1234 

36562 

687 

3812 

1959 

78594 

4879 

114 

52408 

2769 

101 

8340 

1910 

63293 

1T55 

35130 

639 

3719 

1960 

79590 

4525 

131 

47169 

2543 

116 

7698 

1911 

67370 

1534 

32855 

1010 

4058 

1961 

83100 

4714 

107 

48368 

2488 

108 

8214 

1912 

68969 

1850 

36196 

1342 

4489 

1962 

85029 

4897 

151 

55691 

2300 

91 

10112 

1913 

68117 

2060 

33915 

1683 

4212 

1963 

85724 

4968 

145 

45679 

2965 

129 

8505 

1914 

67774 

2454 

39899 

1715 

4595 

1964 

87597 

5259 

120 

47371 

2686 

128 

8966 

1915 

67138 

2734 

43117 

1545 

4334 

1965 

94632 

5413 

165 

62851 

3424 

120 

12525 

1916 

68075 

2684 

48892 

1759 

3767 

1966 

88293 

4853 

104 

68397 

3188 

114 

14008 

1917 

67590 

2545 

40927 

1512 

3209 

1967 

87872 

4744 

103 

65647 

3165 

85 

14711 

1918 

57347 

2234 

38450 

1207 

2883 

1968 

93136 

5171 

95 

59101 

3351 

71 

13722 

1919 

76710 

3627 

36795 

1523 

3687 

1969 

101040 

5561 

111 

67556 

3334 

102 

17573 

1920 

81915 

4660 

37057 

2485 

3762 

1970 

102868 

5996 

188 

64427 

3218 

52, 

17872 

1921 

87467 

5596 

37792 

3277 

3963 

1971 

104566 

6211 

155 

78314 

3156 

52 

22850 

1922 

83962 

4763 

38361 

1627 

4455 

1972 

98928 

5867 

135 

74808 

2901 

199 

23815 

1923 

76783 

3550 

38614 

1927 

4133 

1973 

103695 

5425 

118 

74139 

4033 

132 

23344 

1924 

76987 

3635 

42572 

2671 

4723 

1974 

102206 

4780 

130 

76274 

4304 

260 

26514 

1925 

80208 

4082 

46432 

2824 

5347 

1975 

101014 

6292 

150 

71994 

4282 

150 

26271 

1926 

81365 

4343 

44733 

2602 

5103 

1976 

102344 

7061 

175 

70236 

4564 

176 

27134 

1927 

87219 

4473 

41718 

2387 

4918 

1928 

87603 

4761 

42326 

3188 

5218 

1929 

89752 

4520 

45267 

2907 

5921 

TABLE  A-2 

U.S.  PATENTING  BY  STATE ^ 

1883  -  1976 
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State 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1394 

1396 

r 

1396 

■■'.■ 

ALABAMA 

77 

69 

85 

59 

54 

64 

76 

103 

82 

104 

91 

38 

91 

109 

97 

ALASKA     lb) 

— 

ARIZONA     (c) 

14 

9 

8 

13 

3 

10 

14 

14 

9 

16 

12 

11 

6 

13 

13 

ARKANSAS 

59 

66 

77 

61 

65 

69 

84 

95 

103 

102 

105 

57 

75 

34 

34 

CALIFORNIA 

596 

514 

588 

524 

505 

445 

566 

640 

622 

652 

688 

617 

548 

526 

645 

COLORADO 

119 

110 

140 

111 

151 

153 

142 

184 

199 

225 

246 

207 

215 

234 

187 

CONNECTICUT 

883 

896 

1011 

854 

788 

759 

889 

937 

733 

781 

764 

751 

805 

MB 

949 

DELAWARE 

36 

48 

31 

42 

34 

33 

54 

51 

34 

33 

30 

33 

34 

49 

33 

DIST.  OF  COL. 

217 

207 

148 

201 

210 

214 

224 

235 

219 

185 

204 

167 

220 

206 

175 

FLORIDA 

24 

17 

25 

41 

41 

39 

54 

51 

52 

65 

62 

46 

63 

55 

81 

GEORGIA 

115 

106 

144 

140 

130 

122 

150 

165 

124 

95 

115 

110 

114 

128 

130 

HAWAII      Id) 

— 

— 

— 

IDAHO     (e) 

6 

4 

6 

6 

4 

12 

18 

12 

14 

18 

21 

22 

15 

20 

28 

ILLINOIS 

1792 

1659 

1907 

1798 

1595 

1661 

1940 

2152 

1968 

2170 

2002 

1632 

1876 

2041 

2202 

INDIANA 

712 

624 

777 

699 

556 

494 

572 

670 

570 

653 

564 

544 

606 

615 

616 

IOWA 

445 

408 

457 

452 

438 

368 

430 

437 

427 

417 

402 

334 

392 

399 

424 

KANSAS 

189 

198 

230 

283 

311 

330 

361 

352 

263 

287 

236 

194 

206 

258 

258 

KENTUCKY 

228 

194 

228 

251 

245 

218 

248 

252 

195 

240 

224 

160 

210 

198 

193 

LOUISIANA 

80 

89 

76 

95 

112 

98 

133 

137 

122 

122 

99 

105 

120 

133 

115 

MAINE 

183 

148 

156 

138 

151 

152 

147 

192 

142 

146 

133 

104 

129 

130 

138 

MARYLAND 

260 

254 

284 

270 

253 

283 

321 

297 

294 

287 

290 

305 

260 

260 

228 

MASSACHUSETTS 

2173 

1917 

2243 

2116 

1875 

1887 

2042 

2096 

2122 

1878 

2014 

1676 

1793 

1901 

1897 

MICHIGAN 

727 

662 

847 

768 

733 

693 

812 

980 

752 

794 

782 

750 

768 

701 

661 

MINNESOTA 

210 

213 

236 

288 

305 

277 

289 

379 

352 

385 

359 

316 

300 

350 

359 

MISSISSIPPI 

51 

73 

70 

52 

45 

48 

48 

55 

63 

55 

57 

59 

37 

47 

80 

MISSOURI 

625 

573 

705 

685 

654 

647 

768 

809 

786 

753 

773 

726 

704 

660 

663 

MONTANA      ff) 

17 

10 

22 

24 

22 

31 

27 

53 

42 

67 

78 

76 

69 

68 

65 

NEBRASKA 

87 

71 

129 

131 

127 

137 

204 

235 

191 

209 

191 

161 

151 

151 

163 

NEVADA 

23 

17 

10 

14 

15 

17 

13 

12 

10 

13 

17 

10 

10 

9 

12 

NEW  HAMPSHIRE 

139 

120 

145 

157 

166 

141 

159 

172 

144 

112 

113 

93 

120 

109 

105 

NEW  JERSEY 

1066 

955 

1115 

923 

988 

863 

1061 

1112 

960 

1001 

1002 

928 

892 

994 

1049 

NEW  MEXICO     lc) 

11 

6 

12 

12 

9 

23 

18 

16 

14 

17 

11 

11 

14 

12 

11 

NEW  YORK 

4359 

3924 

4532 

4121 

4047 

3634 

4288 

4585 

3907 

3781 

3630 

3329 

3539 

3882 

3783 

NORTH  CAROLINA 

87 

58 

81 

75 

66 

55 

71 

74 

76 

85 

85 

87 

65 

68 

93 

NORTH  DAKOTA     (f,g) 

30 

33 

47 

60 

71 

89 

92 

40 

29 

26 

18 

26 

27 

34 

48 

OHIO 

1604 

1458 

1837 

1599 

1477 

1353 

1674 

1762 

1513 

1533 

1568 

1402 

1423 

1613 

1461 

OKLAHOMA     (h) 

4 

6 

5 

12 

10 

14 

16 

26 

OREGON 

76 

42 

57 

60 

59 

66 

51 

82 

71 

80 

93 

72 

73 

90 

109 

PENNSYLVANIA 

2168 

1863 

2454 

2289 

2109 

1990 

2396 

2641 

2197 

2130 

2253 

1904 

2270 

2319 

2464 

RHODE   ISLAND 

327 

304 

287 

251 

224 

209 

248 

273 

290 

252 

224 

197 

226 

249 

243 

SOUTH  CAROLINA 

47 

64 

80 

46 

52 

42 

60 

75 

49 

69 

47 

45 

41 

36 

30 

SOUTH   DAKOTA      (f,g) 

30 

33 

92 

59 

53 

64 

47 

43 

51 

47 

56 

TENNESSEE 

124 

108 

159 

136 

121 

131 

126 

180 

161 

133 

143 

106 

135 

140 

148 

TEXAS 

208 

192 

277 

266 

265 

239 

314 

308 

330 

359 

335 

271 

277 

297 

379 

UTAH      Ik) 

21 

24 

36 

24 

21 

21 

25 

30 

25 

50 

62 

27 

39 

39 

*4 

VERMONT 

109 

91 

115 

117 

112 

89 

97 

101 

55 

76 

71 

78 

74 

91 

70 

VIRGINIA 

122 

101 

116 

122 

132 

97 

146 

177 

165 

151 

144 

134 

155 

154 

M 

WASHINGTON      If) 

21 

23 

22 

32 

44 

26 

33 

64 

79 

117 

116 

89 

71 

111 

99 

WEST  VIRGINIA 

82 

75 

70 

83 

75 

62 

76 

95 

74 

84 

54 

74 

•s 

86 

99 

WISCONSIN 

394 

399 

469 

398 

427 

461 

492 

634 

526 

507 

560 

413 

496 

474 

475 

WYOMING      (e) 

5 

5 

3 

8 

4 

6 

4 

8 

3 

11 

20 

15 

21 

22 

C 
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State 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

ALABAMA 

80 

88 

95 

82 

89 

134 

145 

138 

131 

156 

134 

184 

181 

163 

181 

ALASKA     lb) 

— 

; 

4 

2 

5 

3 

2 

; 

11 

7 

14 

12 

14 

5 

5 

ARIZONA     lc) 

19 

27 

18 

19 

34 

38 

32 

22 

37 

38 

50 

45 

49 

41 

65 

ARKANSAS 

92 

98 

99 

102 

83 

78 

100 

93 

120 

150 

112 

142 

135 

135 

135 

CALIFORNIA 

619 

731 

732 

758 

854 

979 

1022 

1042 

1115 

1209 

1192 

1358 

1471 

1575 

1658 

COLORADO 

221 

257 

278 

314 

323 

404 

387 

397 

383 

460 

455 

471 

447 

477 

467 

CONNECTICUT 

799 

789 

755 

758 

732 

912 

828 

741 

845 

920 

785 

1031 

990 

845 

969 

DELAWARE 

45 

42 

30 

56 

43 

44 

37 

47 

49 

44 

49 

47 

43 

56 

60 

DIST.  OF  COL. 

136 

200 

251 

215 

258 

262 

243 

232 

236 

296 

250 

267 

249 

239 

271 

FLORIDA 

72 

54 

66 

53 

57 

67 

76 

69 

78 

111 

110 

96 

114 

104 

124 

GEORGIA 

106 

131 

172 

149 

162 

220 

222 

224 

224 

264 

239 

265 

214 

224 

238 

HAWAII      (d) 

7 

7 

7 

11 

12 

13 

7 

14 

17 

16 

11 

11 

14 

19 

30 

IDAHO 

15 

28 

33 

29 

25 

32 

34 

43 

64 

76 

77 

76 

105 

105 

94 

ILLINOIS 

1741 

2152 

2439 

2430 

2529 

2811 

2881 

2923 

3107 

3470 

3056 

3503 

3169 

3172 

3441 

INDIANA 

621 

655 

625 

660 

675 

788 

705 

719 

782 

921 

877 

931 

812 

726 

776 

IOWA 

419 

490 

561 

571 

531 

627 

641 

663 

691 

679 

696 

717 

604 

583 

660 

KANSAS 

263 

296 

276 

249 

277 

334 

336 

389 

335 

472 

434 

462 

456 

382 

458 

KENTUCKY 

203 

223 

235 

218 

232 

277 

255 

243 

267 

304 

281 

299 

267 

240 

238 

LOUISIANA 

97 

119 

140 

121 

88 

143 

137 

159 

164 

160 

167 

171 

181 

165 

204 

MAINE 

118 

149 

134 

155 

138 

136 

121 

119 

151 

178 

153 

148 

149 

142 

128 

MARYLAND 

245 

297 

318 

296 

312 

340 

289 

290 

303 

383 

230 

299 

305 

272 

315 

MASSACHUSETTS 

1567 

1774 

1745 

1905 

1949 

2081 

2075 

1798 

1675 

2113 

1837 

2152 

2073 

1842 

2231 

MICHIGAN 

642 

805 

773 

757 

776 

950 

952 

980 

952 

1110 

1042 

1086 

972 

1035 

1054 

MINNESOTA 

336 

394 

417 

417 

446 

501 

504 

508 

503 

598 

627 

639 

601 

475 

609 

MISSISSIPPI 

68 

95 

74 

86 

91 

70 

90 

92 

100 

108 

97 

115 

120 

113 

101 

MISSOURI 

683 

776 

750 

809 

769 

979 

941 

947 

957 

1130 

955 

1159 

1097 

945 

1152 

MONTANA 

77 

90 

76 

60 

75 

75 

95 

103 

96 

118 

105 

96 

96 

112 

116 

NEBRASKA 

150 

164 

203 

207 

220 

277 

225 

219 

275 

327 

323 

341 

345 

318 

304 

NEVADA 

5 

11 

11 

7 

15 

13 

10 

7 

12 

39 

29 

38 

41 

39 

36 

NEW  HAMPSHIRE 

100 

122 

107 

109 

94 

110 

76 

92 

81 

121 

109 

108 

126 

81 

101 

NEW  JERSEY 

906 

993 

1020 

1198 

1173 

1228 

1297 

1271 

1298 

1504 

1427 

1562 

1469 

1360 

1683 

NEW  MEXICO     (c) 

11 

15 

9 

23 

25 

23 

30 

23 

28 

27 

25 

40 

49 

50 

64 

NEW  YORK 

3285 

3798 

3788 

4098 

4120 

4573 

4502 

4392 

4642 

5231 

4760 

5232 

4948 

4777 

5103 

NORTH  CAROLINA 

71 

77 

82 

103 

97 

125 

124 

141 

144 

153 

173 

205 

183 

191 

168 

NORTH   DAKOTA 

48 

51 

48 

45 

64 

68 

50 

80 

85 

134 

134 

153 

183 

132 

151 

OHIO 

1472 

1501 

1718 

1720 

1830 

2156 

2178 

2116 

2167 

2493 

2277 

2538 

2495 

2233 

2395 

OKLAHOMA     (h) 

34 

46 

64 

48 

48 

89 

122 

97 

130 

148 

215 

250 

260 

235 

259 

OREGON 

73 

103 

103 

125 

100 

125 

134 

127 

161 

219 

232 

239 

219 

246 

278 

PENNSYLVANIA 

2172 

2355 

2564 

2837 

2792 

3144 

3053 

2918 

3014 

3471 

3100 

3641 

3418 

2919 

3356 

RHODE   ISLAND 

218 

272 

264 

271 

275 

350 

284 

229 

303 

271 

259 

294 

278 

315 

279 

SOUTH  CAROLINA 

48 

46 

47 

47 

46 

76 

70 

70 

74 

72 

65 

69 

86 

65 

84 

SOUTH  DAKOTA 

57 

62 

56 

43 

62 

92 

85 

90 

98 

127 

127 

105 

135 

109 

149 

TENNESSEE 

155 

177 

203 

194 

185 

208 

213 

189 

356 

232 

244 

252 

248 

175 

210 

TEXAS 

340 

351 

373 

339 

358 

434 

415 

382 

437 

544 

524 

544 

670 

591 

550 

UTAH 

47 

43 

58 

55 

44 

73 

67 

68 

79 

101 

92 

142 

124 

103 

122 

VERMONT 

59 

83 

69 

73 

71 

63 

87 

77 

87 

94 

70 

66 

89 

61 

67 

VIRGINIA 

177 

213 

200 

192 

201 

210 

233 

206 

267 

274 

251 

269 

240 

226 

276 

WASHINGTON 

134 

154 

163 

172 

191 

230 

306 

278 

327 

410 

377 

472 

420 

410 

538 

WEST  VIRGINIA 

102 

116 

121 

118 

119 

152 

159 

173 

203 

237 

302 

198 

210 

196 

209 

WISCONSIN 

447 

545 

508 

530 

521 

619 

582 

636 

653 

758 

702 

796 

832 

703 

801 

WYOMING 

23 

18 

17 

14 

15 

22 

28 

40 

30 

22 

23 

43 

34 

26 

38 
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State 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

ALABAMA 

189 

206 

203 

220 

255 

196 

153 

145 

138 

138 

106 

172 

178 

169 

142 

142 

ALASKA     (b) 

6 

5 

8 

4 

18 

16 

12 

19 

15 

10 

12 

9 

7/ 

16 

6 

8 

ARIZONA 

71 

75 

77 

104 

111 

98 

82 

80 

61 

71 

64 

83 

65 

80 

66 

62 

ARKANSAS 

141 

134 

135 

155 

150 

117 

89 

112 

92 

127 

94 

130 

110 

117 

101 

71 

CALIFORNIA 

1668 

1870 

1943 

2120 

2084 

2151 

1962 

2051 

2363 

2326 

2340 

2630 

3067 

3464 

3006 

2S7'J 

COLORADO 

436 

445 

475 

454 

497 

423 

385 

414 

410 

381 

438 

415 

405 

391 

304 

278 

CONNECTICUT 

968 

1176 

1129 

1112 

1059 

909 

3899 

961 

946 

995 

1010 

1276 

1283 

1232 

999 

1066 

DELAWARE 

40 

63 

74 

80 

51 

80 

93 

87 

77 

65 

81 

64 

51 

64 

77 

70 

DIST.  OF  COL. 

241 

340 

300 

339 

312 

253 

299 

322 

321 

313 

332 

356 

395 

329 

278 

284 

FLORIDA 

132 

143 

141 

184 

186 

160 

1129 

137 

162 

161 

177 

195 

207 

181 

190 

171 

GEORGIA 

238 

241 

234 

221 

250 

222 

187 

185 

180 

176 

192 

233 

239 

209 

158 

118 

HAWAII     (d) 

21 

30 

24 

32 

26 

38 

34 

26 

38 

25 

35 

36 

35 

28 

27 

25 

IDAHO 

107 

84 

104 

104 

145 

121 

100 

81   ' 

110 

82 

92 

89 

86 

77 

85 

83 

ILLINOIS 

3229 

3954 

4517 

4601 

4309 

3953 

3899 

3780 

3893 

3968 

3925 

4222 

4629 

4452 

4242 

4439 

INDIANA 

713 

820 

955 

992 

826 

827 

753 

794 

819 

856 

826 

864 

985 

903 

920 

970 

IOWA 

606 

759 

714 

880 

843 

704 

604 

676 

651 

568 

611 

656 

610 

617 

596 

496 

KANSAS 

410 

430 

449 

473 

455 

380 

362 

367 

366 

340 

313 

390 

445 

410 

322 

282 

KENTUCKY 

228 

243 

293 

307 

306 

243 

224 

213 

200 

230 

245 

270 

255 

251 

206 

203 

LOUISIANA 

171 

198 

191 

234 

193 

151 

163 

179 

172 

175 

186 

197 

213 

221 

174 

135 

MAINE 

113 

150 

166 

163 

143 

120 

116 

123 

122 

111 

118 

122 

131 

119 

98 

95 

MARYLAND 

317 

398 

379 

388 

348 

305 

322 

352 

373 

388 

351 

442 

447 

369 

376 

403 

MASSACHUSETTS 

1809 

2437 

2693 

2644 

2157 

2174 

1991 

1998 

2056 

1951 

2065 

2320 

2332 

2239 

2073 

2245 

MICHIGAN 

969 

1423 

1585 

1528 

1505 

1617 

1371 

1413 

1521 

1451 

1491 

1671 

1910 

1855 

1802 

2079 

MINNESOTA 

586 

664 

779 

716 

787 

871 

775 

771 

758 

791 

803 

817 

800 

798 

790 

731 

MISSISSIPPI 

94 

115 

103 

111 

99 

83 

35 

83 

57 

59 

88 

92 

91 

67 

69 

61 

MISSOURI 

1027 

1154 

1180 

1258 

1152 

1071 

988 

1001 

1147 

1067 

945 

1054 

1110 

1038 

963 

1006 

MONTANA 

132 

149 

189 

191 

204 

189 

167 

156 

173 

132 

145 

164 

177 

123 

115 

97 

NEBRASKA 

274 

335 

346 

381 

335 

339 

264 

272 

318 

247 

275 

311 

325 

262 

280 

222 

NEVADA 

42 

32 

41 

49 

54 

41 

36 

27 

33 

28 

25 

26 

19 

23 

39 

21 

NEW  HAMPSHIRE 

98 

124 

153 

137 

126 

123 

122 

103 

129 

107 

141 

157 

152 

153 

158 

213 

NEW  JERSEY 

1610 

1893 

2129 

2227 

2084 

1983 

1898 

1954 

2082 

1973 

1998 

2328 

2580 

2540 

2583 

2586 

NEW  MEXICO 

52 

45 

50 

56 

49 

55 

48 

44 

40 

27 

34 

45 

48 

40 

28 

17 

NEW  YORK 

5312 

5972 

6575 

6998 

6678 

6075 

5980 

6273 

6450 

5978 

6052 

6907 

7460 

7147 

6830 

7317 

NORTH   CAROLINA 

161 

189 

177 

218 

175 

194 

142 

169 

148 

139 

164 

194 

177 

180 

178 

145 

NORTH  DAKOTA 

131 

162 

161 

164 

181 

146 

162 

156 

106 

106 

114 

116 

105 

92 

66 

>: 

OHIO 

2099 

2643 

2999 

2992 

2800 

2568 

2505 

2642 

2906 

2724 

3007 

3230 

3610 

3443 

3274 

3511 

OKLAHOMA 

263 

292 

286 

330 

343 

334 

268 

322 

265 

302 

289 

370 

432 

346 

347 

307 

OREGON 

254 

337 

315 

424 

371 

336 

291 

295 

274 

254 

266 

264 

308 

3S4 

284 

242 

PENNSYLVANIA 

3085 

3469 

3941 

3862 

3509 

3163 

3111 

3279 

3223 

3052 

3105 

3439 

395t* 

3S43 

3336 

3S36 

RHODE  ISLAND 

271 

349 

301 

320 

252 

298 

240 

248 

283 

265 

322 

362 

345 

323 

287 

a 

SOUTH  CAROLINA 

90 

92 

90 

125 

132 

106 

89 

94 

80 

81 

77 

101 

103 

94 

72 

*« 

SOUTH  DAKOTA 

124 

149 

163 

188 

173 

156 

118 

111 

112 

82 

114 

139 

130 

117 

86 

t=? 

TENNESSEE 

210 

254 

240 

240 

235 

199 

203 

241 

246 

248 

244 

241 

246 

255 

206 

171 

TEXAS 

599 

619 

630 

699 

653 

632 

568 

633 

659 

568 

617 

787 

834 

m 

690 

CN«0 

UTAH 

121 

131 

146 

137 

137 

154 

131 

134 

149 

122 

136 

110 

150 

146 

126 

100 

VERMONT 

58 

80 

98 

98 

80 

64 

65 

51 

62 

60 

64 

66 

(M 

75 

64 

77 

VIRGINIA 

290 

299 

334 

335 

309 

290 

225 

291 

278 

216 

267 

287 

287 

26S 

218 

203 

WASHINGTON 

529 

563 

663 

780 

675 

680 

662 

634 

655 

590 

566 

572 

641 

644 

S36 

M 

WEST  VIRGINIA 

201 

238 

266 

315 

253 

215 

182 

192 

207 

223 

294 

272 

:-s 

.•v; 

199 

:.\ 

WISCONSIN 

763 

947 

1084 

1075 

1051 

1048 

955 

961 

1012 

1048 

989 

1109 

1271 

•■s.- 

•-M.- 

1131 

WYOMING 

39 

45 

48 

66 

50 

57 

44 

52 

63 

56 

64 

73 

■ 

$: 

52 

:•: 

*  FOOTNOTES     FOLLOW   TABLE    A-4 


190 


TABLE  A-2 

U.S.  PATENTING  BY  STATE (a) 

1883  -  1976 

[Continued] 


State 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

ALABAMA 

139 

127 

133 

132 

89 

143 

103 

88 

103 

104 

126 

107 

98 

86 

55 

80 

ALASKA  (b) 

9 

6 

3 

10 

/ 

5 

2 

5 

7 

7 

6 

4 

5 

5 

3 

3 

ARIZONA 

57 

64 

65 

59 

62 

49 

52 

47 

44 

43 

62 

46 

50 

34 

40 

30 

ARKANSAS 

72 

69 

72 

51 

57 

46 

37 

44 

47 

46 

67 

45 

57 

50 

30 

33 

CALIFORNIA 

3087 

3027 

3614 

3582 

3096 

2668 

2583 

2567 

2464 

2448 

2933 

2911 

2915 

2780 

2326 

2108 

COLORADO 

346 

312 

365 

295 

235 

|  241 

197 

190 

178 

185 

204 

215 

235 

167 

134 

139 

CONNECTICUT 

1121 

1215 

1454 

1471 

1353 

1350 

1083 

1157 

1072 

1062 

1325 

1325 

1289 

1292 

1114 

987 

DELAWARE 

88 

99 

136 

143 

156 

212 

274 

252 

274 

298 

325 

333 

315 

339 

297 

279 

DIST.  OF  COL. 

276 

309 

303 

360 

349 

323 

232 

214 

249 

282 

261 

248 

208 

214 

205 

206 

FLORIDA 

223 

233 

293 

281 

228 

231 

224 

178 

178 

230 

221 

256 

241 

255 

171 

181 

GEORGIA 

155 

158 

170 

157 

141 

141 

133 

149 

144 

130 

147 

139 

151 

175 

156 

108 

HAWAII  (d) 

27 

29 

27 

29 

31 

18 

32 

22 

45 

30 

33 

39 

39 

18 

22 

13 

IDAHO 

65 

70 

76 

63 

47 

33 

31 

37 

39 

31 

37 

44 

67 

43 

35 

26 

ILLINOIS 

4658 

4541 

5100 

5340 

4923 

4343 

4145 

4011 

4060 

4023 

4617 

4591 

4554 

4116 

3393 

3128 

INDIANA 

978 

1072 

1262 

1386 

1273 

1217 

1039 

1028 

899 

985 

1100 

1063 

1005 

997 

839 

742 

IOWA 

538 

475 

598 

555 

425 

372 

280 

323 

309 

296 

384 

377 

338 

281 

259 

183 

KANSAS 

298 

293 

293 

264 

200 

176 

182 

193 

158 

178 

203 

218 

216 

171 

132 

121 

KENTUCKY 

233 

225 

252 

240 

217 

166 

161 

178 

169 

160 

172 

167 

174 

148 

108 

115 

LOUISIANA 

153 

144 

198 

156 

141 

103 

110 

144 

101 

121 

152 

181 

135 

135 

106 

131 

MAINE 

120 

106 

94 

131 

107 

89 

66 

83 

81 

68 

84 

84 

76 

59 

69 

50 

MARYLAND 

386 

453 

474 

584 

514 

497 

396 

423 

447 

433 

455 

432 

465 

384 

337 

365 

MASSACHUSETTS 

2369 

2135 

2560 

2489 

2328 

2233 

2225 

2117 

1869 

1817 

2009 

2046 

2080 

1827 

1506 

1378 

MICHIGAN 

2218 

2396 

2551 

2867 

2623 

2292 

2239 

2248 

2175 

2153 

2590 

2556 

2492 

2327 

1876 

1697 

MINNESOTA 

706 

709 

827 

748 

579 

565 

491 

438 

486 

508 

380 

652 

664 

570 

468 

451 

MISSISSIPPI 

58 

58 

60 

58 

49 

30 

43 

33 

30 

35 

41 

57 

37 

40 

37 

35 

MISSOURI 

924 

896 

1013 

1060 

1004 

869 

802 

819 

751 

768 

750 

825 

933 

770 

640 

538 

MONTANA 

86 

83 

83 

79 

42 

49 

43 

39 

49 

63 

57 

61 

51 

43 

24 

32 

NEBRASKA 

234 

237 

218 

212 

166 

139 

97 

128 

124 

137 

136 

103 

109 

74 

66 

56 

NEVADA 

28 

25 

25 

20 

24 

13 

10 

16 

12 

13 

17 

12 

14 

12 

14 

17 

NEW  HAMPSHIRE 

222 

172 

226 

187 

178 

146 

146 

193 

140 

140 

137 

97 

101 

107 

81 

73 

NEW  JERSEY 

2630 

2855 

3276 

3553 

3337 

3181 

2957 

3149 

2961 

2862 

3300 

3143 

3322 

3202 

2563 

2409 

NEW  MEXICO 

29 

22 

30 

32 

24 

17 

13 

22 

34 

29 

43 

36 

37 

33 

25 

45 

NEW  YORK 

7755 

7355 

8355 

8660 

8017 

7700 

7775 

7725 

7879 

7878 

8783 

9144 

9305 

7377 

5506 

5180 

NORTH  CAROLINA 

151 

165 

168 

158 

151 

147 

135 

143 

143 

158 

155 

164 

164 

140 

109 

103 

NORTH  DAKOTA 

50 

42 

51 

39 

31 

31 

27 

27 

20 

22 

27 

28 

31 

31 

74 

8 

OHIO 

3595 

3769 

4160 

4608 

3880 

3770 

3488 

3525 

3109 

3009 

3593 

3484 

3344 

3270 

2592 

2440 

OKLAHOMA 

371 

360 

355 

378 

262 

244 

199 

293 

259 

283 

349 

359 

324 

333 

274 

263 

OREGON 

253 

261 

316 

244 

221 

211 

150 

155 

195 

184 

191 

195 

211 

189 

132 

134 

PENNSYLVANIA 

3639 

3471 

4357 

4315 

3876 

3500 

3239 

3216 

3032 

3154 

3308 

3143 

3156 

3039 

2313 

2127 

RHODE  ISLAND 

347 

421 

408 

380 

283 

277 

269 

306 

310 

360 

311 

328 

370 

334 

258 

220 

SOUTH  CAROLINA 

77 

55 

71 

56 

46 

46 

58 

59 

60 

49 

58 

70 

56 

54 

50 

37 

SOUTH  DAKOTA 

79 

72 

96 

67 

52 

46 

26 

34 

32 

33 

39 

46 

31 

23 

17 

24 

TENNESSEE 

160 

193 

212 

239 

214 

217 

193 

210 

203 

190 

300 

191 

194 

168 

138 

137 

TEXAS 

731 

683 

801 

730 

681 

598 

601 

627 

589 

632 

727 

860 

765 

722 

602 

522 

UTAH 

95 

109 

93 

83 

81 

63 

66 

50 

58 

47 

49 

53 

76 

39 

43 

37 

VERMONT 

75 

54 

68 

64 

62 

56 

46 

41 

46 

41 

54 

42 

42 

47 

36 

51 

VIRGINIA 

217 

191 

222 

236 

212 

231 

217 

208 

180 

205 

280 

235 

204 

259 

190 

200 

WASHINGTON 

546 

528 

569 

507 

419 

374 

344 

278 

301 

286 

372 

333 

357 

311 

239 

199 

WEST  VIRGINIA 

183 

208 

231 

219 

216 

156 

189 

181 

149 

181 

182 

209 

163 

170 

103 

127 

WISCONSIN 

1321 

1229 

1349 

1411 

1281 

1171 

1036 

974 

918 

878 

941 

966 

1012 

966 

808 

812 

WYOMING 

50 

49 

44 

50 

20 

35 

18 

28 

25 

25 

23 

20 

37 

22 

24 

17 
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TABLE   A-2 

U.S.  PATENTING  BY  STATE^ 

1883  -  1976 

[Continued] 


State 

1945 

1946 

1947 

1948 

1949 

1950 

i 

1951 

1952 

1953 

1954 

1955 

1956 

[ 
1957 

•  r.'. 

1959 

I960 

ALABAMA 

116 

63 

63 

80 

145 

134 

159 

139 

152 

120 

113 

161 

141 

181' 

N 

■Y: 

ALASKA     (b) 

2 

5 

2 

— 

3 

12 

8 

11 

8 

8 

11 

8 

9 

10 

14 

8 

ARIZONA 

29 

30 

23 

42 

53 

93 

101 

93 

89 

85 

62 

116 

126 

109 

144 

131 

ARKANSAS 

25 

32 

34 

38 

60 

72 

76 

72 

56 

48 

52 

72 

52 

70 

72 

51 

CALIFORNIA 

2223 

2042 

1719 

2231 

3144 

3990 

4084 

3922 

3789 

3133 

2984 

4458 

4204 

4678 

5176 

M  7 

COLORADO 

108 

85 

106 

153 

216 

284 

288 

330 

286 

178 

217 

253 

263 

271 

213 

CONNECTICUT 

916 

728 

738 

817 

1242 

1468 

1365 

1270 

1254 

1076 

968 

1391 

1293 

1434 

1545 

1422 

DELAWARE 

300 

314 

213 

235 

297 

332 

304 

252 

249 

230 

236 

371 

304 

381 

370 

369 

DIST.  OF  COL. 

203 

202 

157 

205 

279 

348 

385 

384 

240 

158 

177 

209 

224 

225 

243 

211 

FLORIDA 

148 

127 

134 

184 

287 

323 

403 

339 

356 

287 

294 

459 

428 

496 

527 

500 

GEORGIA 

89 

82 

66 

107 

147 

214 

199 

215 

160 

150 

126 

201 

177 

194 

155 

184 

HAWAII      (d) 

16 

17 

12 

8 

14 

31 

31 

40 

28 

9 

18 

34 

12 

22 

22 

IS 

IDAHO 

16 

27 

15 

29 

41 

68 

81 

70 

61 

70 

35 

53 

48 

54 

58 

46 

ILLINOIS 

2871 

2325 

2074 

2448 

3572 

4229 

4263 

4105 

3848 

3007 

2775 

4115 

3671 

4053 

4564 

3899 

INDIANA 

643 

562 

513 

663 

990 

1117 

1087 

1021 

1018 

764 

749 

1158 

958 

1080 

1232 

1063 

IOWA 

183 

159 

109 

197 

288 

371 

377 

420 

361 

291 

275 

375 

384 

413 

452 

414 

KANSAS 

106 

92 

86 

144 

210 

246 

250 

259 

218 

175 

167 

245 

240 

238 

259 

237 

KENTUCKY 

103 

80 

72 

78 

109 

152 

162 

123 

131 

117 

107 

174 

220 

207 

269 

247 

LOUISIANA 

92 

95 

99 

140 

217 

231 

215 

193 

215 

167 

177 

341 

243 

248 

309 

238 

MAINE 

59 

58 

50 

43 

63 

76 

75 

77 

79 

66 

54 

71 

74 

65 

54 

58 

MARYLAND 

340 

310 

306 

353 

566 

671 

678 

604 

514 

458 

451 

668 

600 

691 

784 

742 

MASSACHUSETTS 

1259 

1106 

1046 

,1336 

1841 

1912 

1925 

1817 

1766 

1367 

1334 

1954 

1684 

1800 

1917 

1706 

MICHIGAN 

1607 

1189 

1085 

1346 

2024 

2417 

2642 

2347 

2361 

1987 

1679 

2554 

2453 

2903 

3146 

2735 

MINNESOTA 

368 

265 

270 

357 

512 

698 

734 

731 

674 

594 

533 

723 

638 

696 

753 

718 

MISSISSIPPI 

27 

20 

19 

27 

48 

59 

78 

67 

73 

53 

59 

73 

43 

49 

45 

43 

MISSOURI 

518 

356 

332 

479 

601 

780 

912 

815 

829 

625 

574 

772 

699 

782 

753 

644 

MONTANA 

25 

19 

28 

30 

59 

63 

77 

51 

75 

39 

40 

71 

54 

58 

56 

54 

NEBRASKA 

44 

47 

28 

49 

77 

129 

120 

114 

102 

82 

91 

132 

127 

102 

117 

86 

NEVADA 

13 

11 

10 

17 

27 

36 

30 

39 

25 

21 

27 

41 

12 

30 

37 

31 

NEW  HAMPSHIRE 

67 

45 

56 

46 

78 

86 

88 

159 

91 

68 

61 

91 

103 

108 

125 

106 

NEW  JERSEY 

2427 

2218 

2063 

2399 

3217 

3701 

3612 

3231 

3091 

2614 

2324 

3659 

3292 

3694 

3996 

3566 

NEW  MEXICO 

17 

45 

30 

28 

50 

57 

58 

61 

56 

53 

67 

73 

75 

94 

90 

83 

NEW  YORK 

4882 

4382 

3690 

4664 

6313 

7209 

6893 

6063 

5466 

4512 

3956 

5762 

5199 

5723 

6038 

5292 

NORTH  CAROLINA 

106 

77 

79 

116 

172 

248 

266 

234 

232 

179 

208 

265 

269 

283 

299 

287 

NORTH   DAKOTA 

16 

10 

38 

17 

24 

38 

41 

41 

44 

25 

29 

44 

59 

49 

33 

33 

OHIO 

2362 

1864 

1623 

2056 

2896 

3412 

3627 

3481 

3413 

2634 

2286 

3759 

3124 

3679 

3738 

3368 

OKLAHOMA 

330 

201 

208 

177 

378 

494 

528 

493 

495 

412 

340 

541 

549 

558 

718 

645 

OREGON 

132 

120 

94 

124 

225 

294 

326 

329 

300 

235 

220 

313 

299 

334 

337 

2*S 

PENNSYLVANIA 

2050 

1701 

1488 

1953 

2590 

3099 

3077 

2957 

2735 

2389 

2103 

3135 

2841 

3201 

3503 

3150 

RHODE  ISLAND 

338 

249 

293   . 

551 

382 

409 

313 

329 

413 

497 

474 

637 

227 

221 

M 

209 

SOUTH   CAROLINA 

44 

29 

23 

49 

70 

98 

83 

76 

81 

77 

65 

125 

114 

137 

121 

104 

SOUTH   DAKOTA 

12 

13 

12 

18 

29 

43 

40 

41 

36 

36 

38 

43 

49 

50 

46 

39 

TENNESSEE 

109 

97 

120 

123 

241 

294 

264 

287 

269 

215 

270 

335 

259 

347 

339 

330 

TEXAS 

485 

414 

371 

511 

740 

992 

1060 

1108 

1011 

872 

774 

1126 

1013 

OM 

1318 

HM 

UTAH 

43 

21 

31 

30 

41 

70 

59 

77 

64 

64 

62 

71 

67 

66 

66 

so 

VERMONT 

32 

27 

25 

31 

43 

66 

55 

73 

66 

52 

46 

49 

50 

45 

44 

34 

VIRGINIA 

150 

159 

159 

192 

296 

356 

327 

322 

317 

248 

257 

366 

352 

■a 

J9: 

435 

WASHINGTON 

228 

180 

203 

235 

382 

480 

438 

490 

459 

383 

325 

451 

429 

oa 

424 

n=; 

WEST  VIRGINIA 

109 

102 

84 

85 

114 

162 

156 

123 

132 

105 

99 

165 

171 

165 

236 

m 

WISCONSIN 

665 

490 

484 

640 

987 

1114 

1114 

1036 

1060 

937 

744 

MM 

987 

\V> 

■:.-? 

Mi 

WYOMING 

17 

13 

12 

16 

33 

32 

23 

34 

45 

17 

24 

34 

25 

33 

23 

•• 
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TABLE  A- 2 
U.S.  PATENTING  BY  STATE 
1883  -  1976 
[Continued] 


1961 

1962 

1963 

1964 

State 

Patents 

Plants 

Designs 

TOTAL 

Patents 

Plants 

Designs 

TOTAL 

n 

Plants 

Designs 

TOTAL 

Patents 

Plants 

Designs 

TOTAL 

Patents 

ALABAMA 

167 

1 

10 

178 

209 

2 

5 

216 

178 



5 

183 

153 



7 

160 

ALASKA 

13 

— 

— 

13 

18 

— 

— 

18 

7 

— 

— 

7 

9 

— 

— 

9 

ARIZONA 

138 

— 

5 

143 

164 

1 

12 

177 

190 

— 

15 

205 

188 

— 

4 

192 

ARKANSAS 

73 

— 

2 

75 

92 

— 

4 

96 

69 

— 

3 

72 

63 

1 

4 

68 

CALIFORNIA 

4649 

37 

297 

4983 

5162 

38 

335 

5535 

4358 

48 

428 

4834 

4603 

39 

366 

5008 

COLORADO 

241 

26 

267 

262 

30 

292 

233 

32 

265 

222 

15 

237 

CONNECTICUT 

1313 

1 

79 

1393 

1545 

1 

75 

1621 

1136 

2 

116 

1254 

1305 

— 

85 

1390 

DELAWARE 

394 

— 

8 

402 

526 

1 

3 

530 

359 

— 

3 

362 

373 

— 

2 

375 

DIST.  OF  COL. 

185 

— 

4 

189 

169 

— 

5 

174 

145 

— 

9 

154 

157 

— 

6 

163 

FLORIDA 

506 

1 

52 

559 

600 

1 

34 

635 

528 

— 

45 

573 

590 

4 

49 

643 

GEORGIA 

184 

13 

197 

222 

1 

23 

246 

186 

9 

195 

174 

1 

8 

183 

HAWAII 

26 

— 

1 

27 

28 

— 

1 

29 

20 

— 

1 

21 

20 

— 

12 

32 

IDAHO 

41 

— 

3 

44 

61 

— 

4 

65 

53 

— 

1 

54 

40 

— 

2 

42 

ILLINOIS 

3456 

3 

304 

3763 

3991 

— 

247 

4238 

3288 

1 

323 

3612 

3450 

1 

281 

3732 

INDIANA 

1061 

1 

48 

1110 

1229 

3 

41 

1273 

994 

1 

50 

1045 

979 

3 

38 

1020 

IOWA 

371 

1 

17 

389 

414 

19 

433 

286 

13 

299 

341 

32 

373 

KANSAS 

197 

— 

14 

211 

263 

— 

13 

276 

181 

— 

21 

202 

211 

— 

27 

238 

KENTUCKY 

252 

— 

16 

268 

294 

— 

16 

310 

253 

— 

13 

266 

235 

— 

23 

258 

LOUISIANA 

280 

— 

4 

284 

258 

— 

2 

260 

249 

— 

4 

253 

221 

— 

4 

225 

MAINE 

53 

— 

6 

59 

62 

— 

2 

64 

48 

— 

1 

49 

61 

— 

5 

66 

MARYLAND 

780 

26 

806 

807 

2 

35 

844 

692 

34 

726 

760 

4 

37 

801 

MASSACHUSETTS 

1717 

2 

63 

1782 

1852 

— 

67 

1919 

1647 

1 

96 

1744 

1713 

1 

98 

1812 

MICHIGAN 

2569 

4 

177 

2750 

2931 

2 

167 

3100 

2347 

4 

184 

2535 

2433 

3 

142 

2578 

MINNESOTA 

635 

3 

50 

688 

827 

3 

39 

869 

710 

16 

75 

801 

724 

19 

54 

797 

MISSISSIPPI 

41 

1 

4 

46 

36 

— 

2 

38 

48 

— 

3 

51 

45 

— 

3 

48 

MISSOURI 

586 

1 

51 

638 

644 

43 

687 

559 

50 

609 

567 

46 

613 

MONTANA 

39 

— 

— 

39 

53 

— 

1 

54 

32 

— 

1 

33 

44 

— 

1 

45 

NEBRASKA 

84 

— 

5 

89 

112 

— 

3 

115 

103 

— 

6 

109 

85 

— 

4 

89 

NEVADA 

16 

— 

2 

18 

32 

— 

2 

34 

34 

— 

3 

37 

28 

— 

2 

30 

NEW  HAMPSHIRE 

107 

— 

5 

112 

124 

— 

2 

126 

109 

— 

2 

111 

92 

— 

6 

98 

NEW  JERSEY 

3379 

6 

147 

3532 

3707 

2 

119 

3828 

2850 

119 

2969 

3132 

4 

135 

3271 

NEW  MEXICO 

90 

— 

4 

94 

103 

— 

1 

104 

77 

— 

5 

82 

103 

— 

1 

104 

NEW  YORK 

4924 

13 

380 

5317 

5538 

13 

329 

5880 

4432 

15 

444 

4891 

4579 

15 

401 

4995 

NORTH  CAROLINA 

287 

— 

16 

303 

330 

— 

20 

350 

276 

— 

45 

321 

315 

— 

35 

350 

NORTH  DAKOTA 

34 

"— 

2 

36 

43 

— 

— 

43 

40 

— 

1 

41 

36 

— 

4 

40 

OHIO 

3284 

6 

159 

3449 

3589 

1 

135 

3725 

2918 

3 

193 

3114 

2665 

6 

198 

2869 

OKLAHOMA 

644 

— 

9 

653 

744 

— 

9 

753 

624 

— 

11 

635 

579 

— 

14 

593 

OREGON 

238 

7 

20 

265 

256 

3 

9 

268 

222 

6 

10 

238 

243 

2 

10 

255 

PENNSYLVANIA 

3115 

2 

107 

3224 

3480 

2 

118 

3600 

2753 

3 

157 

2913 

2854 

1 

114 

2969 

RHODE  ISLAND 

166 

— 

32 

198 

222 

— 

19 

241 

161 

1 

29 

191 

193 

— 

39 

232 

SOUTH   CAROLINA 

108 

4 

112 

124 

1 

2 

127 

123 

4 

127 

127 

6 

133 

SOUTH   DAKOTA 

37 

— 

— 

37 

32 

— 

— 

32 

37 

1 

2 

40 

30 

— 

2 

32 

TENNESSEE 

305 

— 

8 

313 

307 

— 

13 

320 

321 

3 

8 

332 

273 

— 

22 

295 

TEXAS 

1291 

1 

42 

1334 

1532 

— 

46 

1578 

1340 

3 

50 

1393 

1271 

2 

51 

1324 

UTAH 

86 

— 

1 

87 

116 

— 

2 

118 

99 

— 

3 

102 

99 

— 

1 

100 

VERMONT 

30 

30 

44 

2 

46 

30 

3 

33 

40 

2 

42 

VIRGINIA 

446 

1 

10 

457 

492 

— 

24 

516 

408 

1 

20 

429 

449 

— 

19 

468 

WASHINGTON 

340 

1 

16 

357 

434 

1 

18 

453 

337 

5 

20 

362 

361 

2 

10 

373 

WEST  VIRGINIA 

213 

— 

3 

216 

306 

— 

4 

310 

177 

2 

1 

180 

188 

— 

4 

192 

WISCONSIN 

926 

— 

77 

1003 

1147 

— 

62 

1209 

883 

1 

74 

958 

947 

— 

72 

1019 

WYOMING 

.      .. 

24 

— 

— 

24 

24 

— 

4 

28 

19 

— 

1 

20 

25 

— 

1 

26 

Yil 


TABLE. A-2 
U.S.  PATENTING  BY  STATE 
1883  -  1976 
[Continued] 


1965 

1966 

1967 

1968 

State 

Patents 

Plants 

Designs 

TOTAL 

Patents 

Plants 

Designs 

TOTAL 

Patents 

Plants 

Designs 

TOTAL 

Patent 

Plants 

>a;r. 

TOTAL 

ALABAMA 

236 

— 

5 

241 

232 



9 

241 

248 



6 

254 

236 



7 

243 

ALASKA 

13 

— 

— 

13 

14 

— 

— 

14 

19 

— 

— 

19 

12 

— 

— 

12 

ARIZONA 

249 

— 

16 

265 

290 

— 

16 

306 

356 

16 

17 

389 

279 

— 

12 

291 

ARKANSAS 

85 

— 

1 

86 

74 

— 

2 

76 

56 

— 

8 

64 

54 

— 

4 

se 

CALIFORNIA 

6304 

52 

516 

6872 

6777 

46 

467 

7290 

6264 

28 

461 

6753 

5630 

33 

M 

6143 

COLORADO 

333 

27 

360 

321 

1 

47 

369 

325 

47 

372 

327 

25 

352 

CONNECTICUT 

1742 

— 

106 

1848 

1859 

1 

116 

1976 

1677 

1 

112 

1790 

1567 

— 

100 

1667 

DELAWARE 

479 

— 

9 

488 

608 

— 

10 

618 

595 

— 

6 

601 

558 

— 

10 

568 

DIST.   OF  COL. 

181 

— 

9 

190 

161 

— 

23 

184 

236 

— 

9 

245 

154 

— 

8 

162 

FLORIDA 

725 

4 

40 

769 

790 

— 

61 

851 

832 

1 

48 

881 

794 

2 

40 

M 

GEORGIA 

276 

22 

298 

284 

22 

306 

310 

24 

334 

294 

32 

326 

HAWAII 

13 

1 

1 

15 

25 

1 

— 

26 

19 

— 

1 

20 

22 

— 

— 

22 

IDAHO 

46 

1 

1 

48 

52 

— 

2 

54 

48 

1 

1 

50 

56 

— 

1 

57 

ILLINOIS 

4508 

— 

333 

4841 

4561 

2 

334 

4897 

4161 

— 

301 

4462 

3712 

3 

285 

4000 

INDIANA 

1286 

— 

70 

1356 

1375 

4 

55 

1434 

1219 

2 

50 

1271 

1100 

— 

M 

1184 

IOWA 

490 

31 

521 

443 

27 

470 

395 

25 

420 

321 

23 

344 

KANSAS 

270 

— 

20 

290 

314 

— 

37 

351 

273 

— 

31 

304 

263 

— 

27 

290 

KENTUCKY 

302 

— 

22 

324 

355 

— 

11 

366 

381 

1 

20 

402 

308 

— 

17 

325 

LOUISIANA 

289 

— 

11 

300 

322 

— 

7 

329 

367 

— 

11 

378 

327 

— 

10 

337 

MAINE 

62 

— 

3 

65 

72 

— 

3 

75 

80 

— 

— 

80 

67 

— 

1 

68 

MARYLAND 

1013 

34 

1047 

1073 

1 

30 

1104 

1058 

26 

1084 

915 

32 

947 

MASSACHUSETTS 

2095 

2 

94 

2191 

2386 

2 

88 

2476 

2149 

— 

61 

2210 

1911 

1 

80 

1992 

MICHIGAN 

3135 

7 

198 

3340 

3494 

5 

176 

3675 

3164 

1 

141 

3306 

2815 

3 

150 

2968 

MINNESOTA 

982 

6 

80 

1068 

1069 

4 

72 

1145 

985 

1 

94 

1080 

882 

1 

84 

967 

MISSISSIPPI 

50 

— 

1 

51 

50 

— 

5 

55 

65 

— 

3 

68 

47 

— 

1 

48 

MISSOURI 

685 

67 

752 

864 

2 

57 

923 

827 

1 

55 

883 

693 

46 

735 

MONTANA 

26 

— 

1 

27 

37 

— 

— 

37 

57 

— 

1 

58 

52 

— 

2 

54 

NEBRASKA 

115 

1 

6 

122 

144 

— 

7 

151 

161 

2 

5 

168 

105 

2 

3 

110 

NEVADA 

40 

— 

2 

42 

47 

— 

3 

50 

50 

1 

7 

58 

38 

— 

5 

43 

NEW   HAMPSHIRE 

135 

— 

4 

139 

153 

— 

7 

160 

157 

— 

3 

160 

114 

— 

3 

117 

NEW  JERSEY 

3987 

1 

197 

4185 

4512 

2 

132 

4646 

4370 

2 

185 

4557 

3768 

5 

180 

3953 

NEW  MEXICO 

108 

1 

3 

112 

115 

— 

5 

120 

120 

— 

11 

131 

88 

— 

2 

90 

NEW  YORK 

5812 

13 

503 

6328 

6202 

13 

444 

6659 

5503 

10 

378 

5891 

4955 

4 

499 

5458 

NORTH   CAROLINA 

405 

— 

33 

438 

467 

— 

30 

497 

586 

— 

36 

622 

494 



39 

533 

NORTH   DAKOTA 

32 

— 

2 

34 

40 

— 

2 

42 

46 

— 

2 

48 

47 

— 

— 

47 

OHIO 

3574 

5 

243 

3822 

3812 

3 

211 

4026 

3482 

3 

235 

3720 

3208 

2 

209 

3419 

OKLAHOMA 

865 

1 

34 

900 

937 

1 

12 

950 

878 

— 

12 

890 

814 



23 

837 

OREGON 

296 

1 

7 

304 

329 

1 

15 

345 

319 

2 

25 

346 

271 

1 

24 

296 

PENNSYLVANIA 

3901 

2 

168 

4071 

4131 

2 

160 

4293 

3824 

— 

150 

3974 

3378 

1 

140 

3519 

RHODE   ISLAND 

198 

1 

33 

232 

247 

— 

34 

281 

237 

— 

26 

263 

197 

— 

37 

234 

SOUTH   CAROLINA 

158 

6 

164 

200 

4 

204 

222 

10 

232 

168 

1 

10 

vn 

SOUTH   DAKOTA 

37 

— 

5 

42 

34 

— 

3 

37 

51 

— 

2 

53 

38 



1 

s* 

TENNESSEE 

367 

1 

9 

377 

489 

1 

23 

513 

435 

— 

17 

452 

417 

1 

15 

433 

TEXAS 

1578 

1 

63 

1642 

1806 

2 

46 

1854 

1769 

1 

68 

1838 

1770 

2 

58 

mi 

UTAH 

136 

— 

1 

137 

155 

— 

1 

156 

128 

— 

5 

133 

120 

— 

17 

137 

VERMONT 

57 

__ 

1 

58 

48 

3 

51 

47 

1 

4S 

61 

2 

n 

VIRGINIA 

656 

— 

28 

684 

738 

— 

40 

778 

781 

— 

27 

808 

660 



23 

6*3 

WASHINGTON 

448 

2 

26 

476 

506 

2 

17 

525 

445 

1 

10 

456 

391 

2 

29 

*.-; 

WEST  VIRGINIA 

218 

— 

4 

222 

266 

— 

5 

271 

245 

6 

251 

HI 



12 

:;• 

WISCONSIN 

1277 

3 

83 

1363 

1303 

1 

79 

1383 

1171 

1 

57 

1229 

1000 



61 

•>• 

WYOMING 

35 

— 

2 

37 

24 

— 

5 

29 

29 

4 

33 

SI 

>_^^^^_ 

3 

34 

194 


TABLE  A- 2 

U.S.  PATENTING  BY  STATE 

1883  -  1976 

[Continued] 


1969 

1970 

1971 

1972 

State                   | 

i»_i_ 

Plants 

Designs 

TOTAL 

„ 

Plants 

Designs 

TOTAL 

Patents 

Plants 

Designs 

TOTAL 

Patents 

Plants 

Designs 

TOTAL 

Patents 

Patents 

ALABAMA 

258 



6 

264 

254 



11 

265 

308 

1 

21 

330 

220 



12 

232 

ALASKA 

22 

— 

— 

22 

23 

— 

1 

24 

27 

— 

— 

27 

24 

— 

2 

26 

ARIZONA 

301 

1 

12 

314 

308 

— 

19 

327 

376 

— 

12 

388 

391 

— 

14 

405 

ARKANSAS 

77 

— 

5 

82 

94 

— 

7 

101 

97 

1 

1 

99 

80 

— 

8 

88 

CALIFORNIA 

6372 

49 

480 

6901 

5960 

25 

459 

6444 

7301 

25 

424 

7750 

6522 

63 

367 

6952 

COLORADO 

412 

32 

444 

371 

42 

413 

509 

37 

546 

493 

25 

518 

CONNECTICUT 

1664 

1 

109 

1774 

1569 

— 

94 

1663 

1818 

1 

99 

1918 

1594 

4 

87 

1685 

DELAWARE 

564 

— 

11 

575 

530 

— 

8 

538 

511 

— 

4 

515 

697 

— 

— 

697 

DIST.  OF  COL. 

208 

— 

6 

214 

208 

— 

5 

213 

243 

— 

5 

248 

103 

— 

2 

105 

FLORIDA 

769 

6 

58 

833 

789 

1 

51 

841 

1000 

4 

57 

1061 

937 

6 

49 

992 

GEORGIA 

300 

17 

317 

251 

22 

273 

372 

14 

386 

281 

2 

25 

308 

HAWAII 

40 

— 

1 

41 

46 

— 

4 

50 

36 

— 

1 

37 

25 

— 

1 

26 

IDAHO 

65 

— 

6 

71 

67 

— 

5 

72 

68 

— 

22 

90 

79 

— 

8 

87 

ILLINOIS 

3968 

6 

282 

4256 

3701 

— 

273 

3974 

4398 

1 

246 

4645 

3962 

12 

247 

4221 

INDIANA 

1151 

1 

35 

1187 

1109 

1 

48 

1158 

1361 

1 

70 

1432 

1185 

8 

59 

1252 

IOWA 

354 

1 

21 

376 

353 

24 

377 

446 

1 

28 

475 

425 

20 

445 

KANSAS 

257 

— 

28 

285 

274 

— 

33 

307 

286 

— 

20 

306 

290 

— 

22 

312 

KENTUCKY 

363 

— 

13 

376 

302 

— 

16 

318 

385 

— 

38 

423 

285 

1 

41 

327 

LOUISIANA 

308 

— 

3 

311 

308 

— 

10 

318 

377 

— 

12 

389 

396 

— 

10 

406 

MAINE 

50 

— 

1 

51 

70 

— 

3 

73 

91 

— 

3 

94 

81 

1 

— • 

82 

MARYLAND 

1115 

26 

1141 

903 

34 

937 

1197 

2 

25 

1224 

1046 

36 

1082 

MASSACHUSETTS 

2190 

2 

97 

2289 

2086 

— 

79 

2165 

2627 

— 

89 

2716 

2366 

1 

78 

2445 

MICHIGAN 

3001 

3 

156 

3160 

2689 

— 

142 

2831 

3257 

2 

127 

3386 

3028 

1 

127 

3156 

MINNESOTA 

1068 

1 

84 

1153 

974 

— 

89 

1063 

1082 

1 

74 

1157 

968 

— 

47 

1015 

MISSISSIPPI 

76 

— 

4 

80 

57 

— 

3 

60 

81 

— 

5 

86 

68 

— 

2 

70 

MISSOURI 

810 

56 

866 

647 

42 

689 

826 

4 

36 

866 

762 

41 

803 

MONTANA 

54 

— 

— 

54 

37 

— 

7 

44 

46 

— 

2 

48 

53 

— 

2 

55 

NEBRASKA 

102 

— 

8 

110 

97 

— 

11 

108 

142 



9 

151 

101 

1 

16 

118 

NEVADA 

49 

— 

10 

59 

49 

— 

7 

56 

80 

— 

1 

81 

58 

— 

1 

59 

NEW  HAMPSHIRE 

154 

— 

3 

157 

174 

— 

12 

186 

216 



3 

219 

155 

— 

3 

158 

NEW  JERSEY 

4369 

6 

151 

4526 

4126 

1 

153 

4280 

4495 

157 

4652 

4579 

8 

132 

4719 

NEW  MEXICO 

115 

— 

18 

133 

71 

— 

6 

77 

108 



4 

112 

115 

— 

1 

116 

NEW  YORK 

5541 

3 

459 

6003 

5314 

5 

374 

5693 

6108 

3 

342 

6453 

5548 

4 

426 

5978 

NORTH  CAROLINA 

495 

— 

45 

540 

462 

— 

62 

524 

585 

— 

32 

617 

580 

1 

27 

608 

NORTH  DAKOTA 

51 

— 

5 

56 

38 

— 

— 

38 

49 

— 

— 

49 

33 

— 

4 

37 

OHIO 

3403 

5 

242 

3650 

3110 

2 

174 

3286 

3782 

3 

193 

3978 

3318 

31 

118 

3467 

OKLAHOMA 

789 

— 

34 

823 

716 

— 

24 

740 

845 

— 

18 

863 

809 

— 

30 

839 

OREGON 

309 

3 

26 

338 

280 

— 

17 

297 

411 

2 

12 

425 

342 

6 

15 

363 

PENNSYLVANIA 

3726 

— 

128 

3854 

3527 

— 

114 

3641 

3943 

— 

109 

4052 

3803 

1 

85 

3889 

RHODE  ISLAND 

222 

— 

36 

258 

208 

2 

26 

236 

229 

— 

34 

263 

221 

— 

19 

240 

SOUTH  CAROLINA 

222 

1 

17 

240 

179 

10 

189 

264 

6 

270 

266 

2 

4 

272 

SOUTH  DAKOTA 

35 

— 

— 

35 

42 

— 

10 

52 

61 

— 

— 

61 

38 

— 

2 

40 

TENNESSEE 

430 

1 

20 

451 

359 

— 

12 

371 

380 

— 

21 

401 

344 

— 

'    10 

354 

TEXAS 

1900 

1 

74 

1975 

1831 

2 

45 

1878 

1992 

4 

81 

2077 

2034 

6 

43 

2083 

UTAH 

160 

— 

9 

169 

150 

— 

17 

167 

209 

— 

13 

222 

219 

— 

14 

233 

VERMONT 

65 

3 

68 

63 

2 

65 

128 

3 

131 

77 

77 

VIRGINIA 

658 

— 

25 

683 

609 

— 

19 

628 

740 

— 

24 

764 

711 

— 

32 

743 

WASHINGTON 

480 

1 

13 

494 

397 

1 

30 

428 

525 

1 

49 

575 

447 

2 

44 

493 

WEST  VIRGINIA 

180 

— 

7 

187 

165 

— 

7 

172 

149 

— 

5 

154 

143 

1 

4 

148 

WISCONSIN 

1035 

— 

52 

1087 

1013 

— 

43 

1056 

1274 

— 

56 

1330 

1093 

4 

46 

1143 

WYOMING 

28 

— 

— 

28 

29 

— 

2 

31 

47 

— 

— 

47 

29 

— 

— 

29 

v,i 


TABLE    A- 2 
U.S.  PATENTING  BY  STATE 
1883  -  1976 
[Continued] 


1973 

1974 

1975 

1976 

State 

Patents 

Plants 

Designs 

TOTAL 

Patents 

Plants 

Designs 

TOTAL 

Patents 

Plants 

Mpi 

TOTAL 

■~f:-f^L 

ftarm 

rJfOtft 

TOTAL 

ALABAMA 

288 



8 

296 

249 

1 

5 

255 

230 

— 

20 

250 

721 

— 

14 

241 

ALASKA 

23 

— 

2 

25 

28 

— 

1 

29 

41 

— 

1 

42 

24 

— 

2 

26 

ARIZONA 

471 

— 

20 

491 

436 

— 

41 

477 

436 

— 

51 

487 

420 

— 

36 

456 

ARKANSAS 

68 

— 

9 

77 

102 

— 

12 

114 

78 

1 

5 

84 

94 

1 

B 

104 

CALIFORNIA 

7036 

47 

520 

7603 

6547 

82 

571 

7200 

6213 

54 

513 

6780 

5950 

73 

681 

6704 

COLORADO 

591 

3 

46 

640 

570 

3 

54 

627 

546 

54 

600 

524 

_ 

70 

594 

CONNECTICUT 

1653 

1 

109 

1763 

1610 

7 

100 

1717 

1515 

1 

161 

1677 

1520 

3 

165 

•  %-- 

DELAWARE 

538 

— 

4 

542 

515 

-»•■ 

3 

518 

482 

— 

8 

490 

418 

— 

10 

428 

DIST.  OF  COL. 

74 

— 

7 

81 

68 

— 

12 

80 

84 

— 

5 

89 

76 

— 

5 

81 

FLORIDA 

970 

10 

72 

1052 

1054 

8 

91 

1153 

974 

10 

77 

1061 

923 

5 

119 

1047 

GEORGIA 

369 

23 

392 

362 

21 

383 

343 

1 

32 

376 

311 

29 

340 

HAWAII 

48 

— 

2 

50 

42 

— 

3 

45 

61 

— 

2 

63 

43 

— 

3 

46 

IDAHO 

108 

1 

14 

123 

79 

— 

11 

90 

102 

— 

9 

111 

79 

— 

7 

06 

ILLINOIS 

4059 

6 

354 

4419 

4143 

13 

292 

4448 

3677 

11 

267 

3955 

3556 

3 

312 

3871 

INDIANA 

1226 

2 

69 

1297 

1209 

6 

80 

1295 

1069 

5 

65 

1139 

1079 

5 

67 

1151 

IOWA 

419 

31 

450 

414 

1 

39 

454 

346 

2 

38 

386 

398 

29 

427 

KANSAS 

320 

— 

38 

358 

331 

— 

42 

373 

321 

— 

50 

371 

267 

— 

39 

306 

KENTUCKY 

302 

— 

21 

323 

331 

— 

16 

347 

316 

— 

23 

339 

268 

— 

16 

284 

LOUISIANA 

328 

— 

20 

348 

366 

— 

21 

387 

376 

— 

16 

392 

346 

— 

25 

371 

MAINE 

59 

— 

4 

63 

74 

— 

2 

76 

66 

— 

2 

68 

53 

— 

5 

Si 

MARYLAND 

1002 

64 

1066 

982 

3 

48 

1033 

972 

32 

1004 

869 

1 

61 

931 

MASSACHUSETTS 

2201 

5 

114 

,2320 

2197 

3 

95 

2295 

1945 

— 

93 

2038 

1861 

— 

135 

1996 

MICHIGAN 

2921 

2 

168 

3091 

2930 

1 

134 

3065 

2588 

4 

169 

2761 

2334 

138 

2472 

MINNESOTA 

973 

— 

97 

1070 

1042 

2 

111 

1155 

985 

2 

93 

1080 

851 

— 

69 

920 

MISSISSIPPI 

84 

— 

1 

85 

90 

— 

5 

95 

105 

— 

1 

106 

76 

— 

4 

90 

MISSOURI 

750 

1 

51 

802 

747 

1 

44 

792 

637 

61 

698 

639 

1 

59 

6>? 

MONTANA 

60 

— 

2 

62 

48 

1 

5 

54 

51 

— 

3 

54 

38 

— 

— 

38 

NEBRASKA 

131 

— 

12 

143 

134 

— 

15 

149 

134 

— 

11 

145 

105 

— 

9 

114 

NEVADA 

58 

— 

10 

68 

80 

— 

4 

84 

90 

— 

8 

98 

76 

— 

8 

84 

NEW  HAMPSHIRE 

168 

— 

8 

176 

166 

— 

14 

180 

170 

— 

12 

182 

158 

— 

8 

166 

NEW  JERSEY 

4128 

1 

169 

4298 

3770 

1 

202 

3973 

3721 

4 

184 

3909 

3688 

187 

■M 

NEW  MEXICO 

125 

— 

2 

127 

105 

— 

6 

111 

114 

— 

3 

117 

124 

— 

12 

136 

NEW  YORK 

5411 

— 

463 

5874 

5170 

3 

476 

5649 

4468 

1 

440 

4909 

4378 

1 

418 

4797 

NORTH  CAROLINA 

529 

— 

50 

579 

506 

— 

56 

562 

514 

1 

43 

558 

484 

1 

74 

559 

NORTH  DAKOTA 

39 

— 

2 

41 

50 

— 

9 

59 

37 

— 

1 

38 

33 

— 

3 

3C 

OHIO 

3331 

18 

199 

3548 

3385 

28 

251 

3664 

2934 

16 

229 

3179 

2709 

30 

204 

2943 

OKLAHOMA 

717 

— 

26 

743 

788 

1 

37 

826 

677 

1 

39 

717 

622 

— 

49 

671 

OREGON 

395 

3 

38 

436 

351 

2 

28 

381 

326 

2 

26 

354 

278 

1 

17 

296 

PENNSYLVANIA 

3656 

2 

149 

3807 

3754 

— 

114 

3868 

3416 

— 

122 

3538 

3116 

3 

165 

;.^ 

RHODE  ISLAND 

188 

2 

48 

238 

198 

— 

41 

239 

173 

1 

40 

214 

143 

— 

57 

m 

SOUTH  CAROLINA 

250 

11 

261 

248 

10 

258 

244 

7 

251 

246 

1 

11 

25* 

SOUTH  DAKOTA 

35 

— 

2 

37 

44 

— 

3 

47 

41 

1 

4 

46 

44 

— 

■ 

S3 

TENNESSEE 

380 

— 

23 

403 

379 

— 

45 

424 

362 

— 

29 

391 

3S8 

— 

26 

5*4 

TEXAS 

2079 

3 

92 

2174 

2145 

6 

102 

2253 

2096 

3 

147 

2246 

1936 

4 

126 

.\>c* 

UTAH 

240 

— 

20 

260 

237 

— 

19 

256 

208 

— 

30 

238 

211 



5 

216 

VERMONT 

100 

3 

103 

85 

1 

86 

78 

4 

82 

62 

2 

M 

VIRGINIA 

713 

— 

43 

756 

656 

1 

50 

707 

619 

1 

51 

671 

m 



31 

«' 

WASHINGTON 

506 

1 

31 

538 

517 

6 

48 

571 

513 

— 

40 

553 

v^ 

3 

4J 

S.V- 

WEST  VIRGINIA 

137 

— 

5 

142 

146 

— 

3 

149 

141 

— 

1 

142 

141 

— 

1 

M2 

WISCONSIN 

1153 

1 

74 

1228 

1065 

2 

96 

1163 

881 

X 

95 

978 

790 

— 

$7 

*•- 

WYOMING 

28 

— 

— 

28 

39 

-- 

2 

41 

27 

5 

iz 

47 

— 

7 

S4 

196 


TABLE  A- 3 

U.S.  PATENTING  BY  RESIDENTS 

OF  SELECTED  FOREIGN  COUNTRIES 


(a,  b,  c) 


Country 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

ARGENTINA 





1 

1 

1 





3 

__ 

2 

3 

__ 

3 

2 

2 

6 

AUSTRALIA 

14 

8 

9 

14 

10 

22 

30 

42 

57 

47 

62 

47 

48 

45 

59 

74 

AUSTRIA      Id) 

33 

31 

44 

47 

36 

30 

66 

71 

61 

66 

77 

70 

46 

61 

58 

75 

BELGIUM 

20 

25 

24 

17 

35 

20 

24 

18 

20 

15 

20 

23 

16 

26 

45 

47 

BOLIVIA 

BRAZIL 

1 

1 

3 

2 

2 

1 

2 

2 

3 

3 

1 

2 

5 

2 

BR.  WEST   INDIES 

BULGARIA 

1 

CANADA 

251 

220 

284 

275 

294 

281 

299 

371 

303 

296 

324 

293 

302 

244 

286 

345 

CHILE 

— 

1 

3 

2 

1 

— 

1 

1 

2 

4 

1 

1 

CHINA,  REP.  OF 

1 

1 

1 

2 

2 

COLOMBIA 

2 

— 

1 

— 

— 

2 

— 

1 

— 

1 

2 

1 

— 

1 

— 

— 

CONGO   BRAZZAVILLE 

CUBA 

5 

11 

4 

4 

4 

5 

4 

11 

9 

9 

5 

8 

4 

4 

2 

1 

CZECHOSLOVAKIA 

DENMARK 

7 

6 

20 

9 

11 

8 

16 

8 

9 

5 

15 

13 

11 

10 

10 

18 

FRANCE 

179 

161 

138 

144 

122 

131 

156 

178 

173 

197 

271 

196 

202 

194 

222 

258 

GERMANY 

235 

253 

298 

272 

291 

355 

440 

452 

419 

507 

673 

582 

539 

543 

551 

634 

GREECE 

1 

HONDURAS 

HONG   KONG 

HUNGARY     (d) 

ICELAND 

INDIA 

— 

6 

— 

1 

2 

— 

2 

1 

3 

6 

5 

4 

5 

5 

9 

3 

IRAN      (el 

1 

IRELAND 

5 

9 

9 

8 

12 

12 

21 

7 

16 

13 

11 

10 

13 

17 

28 

ISRAEL     (f) 

ITALY 

3 

2 

5 

6 

2 

4 

7 

6 

13 

12 

22 

14 

11 

20 

10 

33 

JAPAN 

2 

1 

— 

1 

1 

— 

2 

2 

2 

2 

3 

— 

— 

1 

— 

— 

KOREA 

— 

— 

1 

1 

1 

LIECHTENSTEIN 

MEXICO 

2 

7 

9 

6 

6 

7 

7 

14 

14 

20 

11 

14 

17 

10 

9 

8 

NETHERLANDS 

— 

3 

10 

2 

3 

4 

6 

6 

8 

5 

7 

6 

16 

9 

13 

17 

NEW  ZEALAND 

4 

6 

5 

6 

9 

5 

7 

7 

9 

6 

15 

14 

9 

26 

30 

28 

NORWAY 

4 

3 

8 

4 

6 

6 

8 

3 

10 

12 

10 

8 

11 

3 

5 

10 

PERU 

2 

1 

2 

1 

1 

1 

1 

1 

1 

__ 

__ 

PHILIPPINES,   REP. 

POLAND 

PORTUGAL 

— 

1 

2 

1 

1 

2 

1 

ROMANIA 

— 

1 

— 

1 

2 

1 

2 

1 

3 

— 

SAUDI   ARABIA 

SOUTH  AFRICA 

1 

1 

2 

— 

2 

— 

4 

— 

9 

7 

SPAIN 

2 

4 

8 

4 

2 

2 

8 

7 

5 

5 

4 

4 

3 

5 

2 

6 

SWEDEN 

12 

7 

18 

18 

20 

13 

15 

32 

35 

34 

31 

40 

30 

40 

32 

32 

SWITZERLAND 

22 

36 

44 

34 

51 

44 

65 

56 

41 

42 

55 

45 

42 

64 

44 

39 

THAILAND 

U.S.S.R.     (g) 

5 

15 

8 

8 

11 

18 

12 

12 

11 

23 

12 

18 

29 

15 

21 

33 

UNITED   KINGDOM 

435 

458 

583 

584 

528 

557 

799 

761 

690 

694 

806 

732 

664 

656 

754 

1028 

VENEZUELA 

1 

1 

3 

2 

3 

— 

3 

3 

3 

2 

— 

YUGOSLAVIA 

* 
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TABLE    A- 3 
U.S.  PATENTING  BY  RESIDENTS 
OF  SELECTED  FOREIGN  COUNTRIES   <a'  b'  c> 
[Continued] 


1;7 


Country 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

V-; 

■ 

ARGENTINA 

5 

6 

5 

5 

10 

5 

7 

5 

12 

3 

12 

8 

6 

9 

8 

13 

AUSTRALIA 

97 

81 

71 

77 

87 

92 

81 

106 

102 

96 

93 

96 

78 

102 

83 

106 

AUSTRIA     (d) 

100 

117 

156 

132 

136 

119 

125 

133 

127 

109 

128 

139 

140 

160 

168 

152 

BELGIUM 

65 

47 

54 

45 

59 

42 

40 

61 

58 

59 

56 

61 

37 

46 

54 

56 

BOLIVIA 

1 

— 

— 

— 

BRAZIL 

1 

1 

1 

3 

5 

3 

2 

6 

6 

1 

1 

3 

3 

10 

6 

6 

BR.  WEST  INDIES 

— 

1 

— 

— 

1 

— 

— 

1 

2 

3 

3 

1 

— 

BULGARIA 

1 

1 

2 

CANADA 

371 

367 

376 

392 

440 

412 

413 

461 

536 

444 

490 

534 

554 

579 

567 

667 

CHILE 

1 

3 

— 

1 

1 

— 

4 

4 

— 

3 

1 

1 

2 

— 

1 

3 

CHINA,   REP.  OF 

1 

4 

2 

3 

1 

2 

1 

1 

2 

1 

1 

COLOMBIA 

— 

— 

3 

2 

— 

1 

— 



1 

1 

1 

3 

1 

1 

— 

— 

CONGO  BRAZZAVILLE 

CUBA 

— 

4 

4 

10 

9 

5 

12 

8 

21 

9 

14 

9 

10 

15 

21 

2C 

CZECHOSLOVAKIA 

— 

— 

DENMARK 

20 

16 

30 

31 

36 

22 

30 

28 

40 

36 

39 

28 

32 

34 

28 

32 

FRANCE 

292 

341 

306 

346 

321 

331 

303 

314 

334 

302 

343 

315 

347 

369 

340 

379 

GERMANY 

888 

1070 

1045 

956 

1053 

910 

987 

991 

1182 

1013 

1189 

1083 

1320 

1558 

1433 

1475 

GREECE 

1 

1 



1 

HONDURAS 

1 

— 

1 

1 



— 

HONG   KONG 

HUNGARY     fd) 



— 

ICELAND 

— 

— 

INDIA 

4 

3 

4 

5 

7 

10 

10 

5 

5 

3 

2 

3 

6 

7 

6 

2 

IRAN     (e) 

— 

IRELAND 

27 

25 

25 

28 

24 

26 

19 

15 

22 

15 

12 

12 

11 

14 

17 

25 

ISRAEL     (fj 

— 

ITALY 

23 

32 

37 

39 

30 

22 

40 

34 

48 

49 

60 

47 

62 

66 

55 

70 

JAPAN 

3 

— 

1 

2 

6 

4 

13 

11 

9 

9 

16 

8 

12 

14 

19 

13 

KOREA 

— 

— 

LIECHTENSTEIN 

_ 

__ 

MEXICO 

14 

26 

11 

20 

22 

28 

13 

25 

26 

16 

35 

31 

42 

M 

31 

2€ 

NETHERLANDS 

13 

26 

19 

16 

24 

20 

20 

19 

23 

23 

23 

18 

17 

21 

20 

:.• 

NEW  ZEALAND 

41 

22 

25 

48 

48 

53 

56 

60 

45 

46 

33 

30 

38 

40 

45 

>: 

NORWAY 

6 

17 

20 

17 

18 

23 

14 

19 

15 

24 

24 

35 

36 

23 

31 

S5 

PERU 

2 

3 

1 

1 

1 

2 

2 

1 

1 

3 

_ 

PHILIPPINES,   REP. 

— 



POLAND 

— 

— 



PORTUGAL 

1 

1 

1 

1 

2 

2 

1 

1 

1 

— 

— 

2 

1 

ROMANIA 

— 

2 

3 

1 

6 

2 

— 

2 

2 

5 

3 

3 

2 

3 

2 

1 

SAUDI   ARABIA 

_ 

__ 

SOUTH   AFRICA 

7 

6 

9 

4 

4 

— 

2 



SPAIN 

1 

5 

1 

3 

7 

11 

7 

6 

11 

5 

10 

9 

18 

S 

S 

•: 

SWEDEN 

45 

46 

53 

63 

76 

73 

75 

61 

77 

82 

92 

124 

92 

102 

■7 

tt 

SWITZERLAND 

72 

79 

56 

78 

78 

87 

89 

78 

121 

106 

108 

77 

vs 

125 

131 

122 

THAILAND 

U.S.S.R.      (g) 

25 

50 

29 

50 

46 

37 

45 

28 

33 

38 

33 

47 

49 

47 

*? 

37 

UNITED   KINGDOM 

1155 

1063 

1041 

1104 

1175 

910 

842 

918 

930 

•Si1 

943 

961 

m 

MM 

MA 

1134 

VENEZUELA 

1 

1 

— 

— 

— 

— 

— 

1 

5 



1 

1 

2 

3 

s 

— 

YUGOSLAVIA 

— 

~~ 

~~* 

~~ 

* 
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TABLE   A-3 

U.S.  PATENTING  BY  RESIDENTS 

OF  SELECTED  FOREIGN  COUNTRIES 

[Continued] 


(a,  b.  c) 


Country 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

ARGENTINA 

19 

9 

19 

8 

15 

33 

36 

21 

21 

24 

34 

27 

33 

24 

21 

44 

AUSTRALIA 

116 

105 

97 

91 

123 

108 

136 

139 

123 

142 

163 

142 

141 

112 

116 

123 

AUSTRIA      (d) 

136 

81 

50 

15 

11 

17 

23 

42 

59 

55 

66 

92 

72 

105 

120 

128 

BELGIUM 

46 

45 

19 

11 

22 

23 

46 

68 

73 

55 

71 

48 

51 

57 

77 

68 

BOLIVIA 

1 

BRAZIL 

5 

6 

4 

8 

7 

1 

1 

5 

8 

2 

4 

7 

4 

5 

6 

6 

BR.  WEST   INDIES 

— 

— 

2 

3 

2 

— 

1 

2 

BULGARIA 

1 

1 

CANADA 

706 

677 

719 

742 

819 

750 

809 

775 

660 

736 

798 

737 

612 

626 

607 

600 

CHILE 

1 

1 

6 

6 

6 

6 

2 

11 

6 

9 

3 

3 

7 

2 

2 

5 

CHINA,   REP.  OF 

3 

6 

3 

6 

6 

4 

2 

4 

4 

6 

5 

7 

4 

3 

7 

3 

COLOMBIA 

— 

1 

24 

4 

— 

1 

1 

— 

— 

2 

— 

4 

4 

4 

1 

3 

CONGO   BRAZZAVILLE 

CUBA 

18 

14 

24 

29 

26 

33 

32 

16 

23 

19 

37 

36 

32 

37 

45 

26 

CZECHOSLOVAKIA 

6 

3 

11 

23 

48 

47 

58 

66 

48 

48 

51 

DENMARK 

36 

40 

46 

29 

54 

64 

70 

42 

39 

39 

60 

53 

36 

36 

42 

47 

FRANCE 

340 

309 

255 

208 

363 

405 

426 

440 

424 

440 

540 

564 

493 

562 

578 

617 

GERMANY 

1209 

847 

478 

235 

131 

173 

352 

782 

782 

993 

1296 

1233 

1424 

1520 

1916 

2066 

GREECE 

7 

1 

— 

3 

1 

— 

— 

1 

1 

HONDURAS 

1 

1 

1 

4 

— 

1 

1 

5 

1 

1 

1 

2 

3 

HONG  KONG 

HUNGARY     (d) 

1 

7 

6 

12 

18 

23 

18 

18 

31 

26 

— 

ICELAND 

INDIA 

6 

4 

4 

3 

8 

15 

16 

4 

4 

5 

2 

6 

11 

12 

2 

6 

IRAN      (e) 

- 

IRELAND 

20 

15 

16 

23 

28 

19 

22 

12 

20 

21 

22 

17 

14 

11 

15 

13 

ISRAEL     (f) 

1 

ITALY 

83 

83 

66 

59 

72 

80 

89 

101 

80 

84 

97 

105 

107 

93 

113 

112 

JAPAN 

10 

14 

35 

28 

56 

54 

63 

39 

52 

45 

46 

59 

36 

63 

83 

77 

KOREA 

1 

LIECHTENSTEIN 

MEXICO 

17 

22 

18 

19 

30 

23 

28 

15 

19 

20 

39 

28 

30 

23 

23 

44 

NETHERLANDS 

30 

44 

41 

39 

61 

66 

53 

60 

40 

52 

76 

70 

75 

89 

93 

106 

NEW  ZEALAND 

44 

35 

51 

32 

48 

60 

49 

66 

52 

55 

56 

55 

53 

37 

41 

38 

NORWAY 

38 

50 

28 

62 

88 

70 

55 

51 

51 

50 

53 

41 

43 

36 

42 

46 

PERU 

1 

2 

3 

3 

1 

4 

3 

2 

3 

5 

1 

1 

3 

1 

PHILIPPINES,  REP 

POLAND 

— 

1 

1 

— 

3 

3 

4 

3 

5 

1 

6 

10 

13 

PORTUGAL 

— 

1 

— 

— 

2 

— 

5 

1 

1 

ROMANIA 

1 

1 

1 

1 

— 

1 

2 

1 

2 

1 

2 

4 

10 

SAUDI   ARABIA 

SOUTH  AFRICA 

5 

2 

5 

— 

14 

29 

17 

11 

8 

11 

7 

29 

SPAIN 

3 

10 

8 

9 

14 

7 

12 

19 

20 

17 

18 

14 

28 

23 

J20 

22 

SWEDEN 

93 

114 

96 

109 

155 

187 

157 

137 

116 

146 

156 

184 

144 

174 

189 

186 

SWITZERLAND 

129 

132 

146 

146 

139 

171 

161 

203 

161 

199 

221 

187 

192 

271 

264 

277 

THAILAND 

U.S.S.R.     (g) 

22 

28 

30 

10 

9 

7 

4 

5 

— 

— 

3 

2 

5 

11 

8 

19 

UNITED   KINGDOM 

1164 

1039 

898 

911 

1347 

1288 

1239 

1277 

1198 

1343 

1319 

1218 

1110 

1130 

1316 

1229 

VENEZUELA 

1 

— 

— 

1 

— 

3 

1 

1 

1 

2 

1 

1 

1 

5 

2 

4 

YUGOSLAVIA 

1 

2 

— 

2 

2 

3 

3 

2 

1 
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TABLE  A- 3 
U.S.  PATENTING  BY  RESIDENTS 
OF  SELECTED  FOREIGN  COUNTRIES  <a'  b'  c> 
[Continued] 


1  9  ; 


Country 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

■ 

1944 

r 

1945 

ARGENTINA 

38 

30 

29 

20 

19 

29 

27 

21 

22 

24 

23 

24 

16 

23 

25 

29 

AUSTRALIA 

111 

96 

69 

90 

84 

70 

44 

68 

46 

36 

36 

42 

25 

27 

21 

23 

AUSTRIA 

130 

156 

143 

138 

127 

102 

105 

112 

120 

63 

26 

7 

5 

— 

— 

1 

BELGIUM 

96 

92 

60 

49 

55 

56 

54 

71 

65 

52 

44 

25 

30 

15 

13 

1 

BOLIVIA 

1 

1 

— 

— 

BRAZIL 

11 

2 

9 

5 

7 

7 

3 

3 

4 

9 

10 

9 

5 

11 

9 

6 

BR.  WEST   INDIES 

1 

— 

2 

2 

1 

4 



2 

1 

1 

— 

2 

BULGARIA 

— 

— 

1 

1 

— 

1 

— 

CANADA 

541 

527 

452 

485 

444 

420 

418 

367 

345 

372 

355 

310 

259 

260 

2S5 

223 

CHILE 

2 

6 

5 

3 

4 

10 

2 

3 

4 

5 

3 

3 

2 

2 

4 

2 

CHINA,  REP.  OF 

1 

3 

7 

2 

4 

2 

3 

4 

6 

7 

2 

2 

2 

1 

__ 

_ 

COLOMBIA 

3 

2 

3 

3 

— 

1 

— 

1 

3 

2 

1 

3 

2 

2 

— 

— 

CONGO  BRAZZAVILLE 

— 

CUBA 

29 

30 

19 

17 

17 

10 

15 

15 

11 

16 

16 

13 

14 

18 

15 

9 

CZECHOSLOVAKIA 

52 

55 

54 

40 

43 

49 

46 

54 

49 

54 

32 

10 

13 

6 

1 

1 

DENMARK 

44 

32 

49 

39 

29 

38 

30 

41 

54 

44 

33 

17 

16 

16 

6 

1 

FRANCE 

756 

741 

690 

632 

550 

507 

559 

533 

634 

376 

334 

210 

182 

134 

100 

n 

GERMANY 

2479 

2751 

2854 

2482 

2196 

2068 

2106 

2205 

2480 

2595 

2218 

1468 

722 

641 

243 

100 

GREECE 

— 

1 

1 

— 

1 

— 

3 

2 

— 

HONDURAS 

1 

1 

4 

1 

2 

— 

— 

1 

2 

2 

1 

— 

i 

HONG   KONG 

2 

HUNGARY 

58 

45 

51 

•       43 

38 

27 

28 

25 

48 

63 

37 

29 

11 

1 

7 

3 

ICELAND 

— 

— 

1 

— 

1 

1 

— 

1 

— 

INDIA 

7 

12 

7 

2 

5 

4 

3 

7 

4 

3 

5 

5 

1 

6 

5 

3 

IRAN     (e) 

— 

IRELAND 

16 

10 

15 

7 

5 

4 

7 

6 

12 

17 

5 

4 

3 

6 

3 

„ 

ISRAEL     If) 

3 

2 

1 

1 

1 

1 

— 

2 

3 

3 

2 

3 

3 

3 

4 

2 

ITALY 

148 

142 

109 

110 

98 

83 

88 

82 

91 

97 

92 

82 

27 

52 

28 

10 

JAPAN 

81 

76 

76 

57 

73 

51 

68 

87 

57 

44 

36 

20 

7 

15 

S 

9 

KOREA 

1 

— 

— 

2 

1 

— 

LIECHTENSTEIN 

2 

1 

MEXICO 

27 

20 

17 

23 

27 

23 

18 

20 

23 

19 

19 

15 

12 

9 

6 

12 

NETHERLANDS 

127 

149 

174 

184 

197 

181 

192 

195 

238 

236 

203 

134 

93 

62 

20 

9 

NEW  ZEALAND 

33 

31 

32 

26 

22 

19 

21 

22 

20 

14 

12 

10 

8 

2 

6 

4 

NORWAY 

57 

52 

51 

28 

35 

37 

24 

31 

26 

25 

28 

14 

14 

10 

6 

1 

PERU 

1 

3 

2 

1 

2 

1 

3 

3 

3 

3 

PHILIPPINES,  REP. 

— 

1 

POLAND 

12 

16 

11 

10 

15 

11 

16 

10 

16 

16 

4 

5 

3 

— 

— 

1 

PORTUGAL 

1 

1 

1 

1 

1 

1 

— 

— 

3 

2 

1 

ROMANIA 

9 

1 

4 

6 

4 

4 

1 

4 

5 

7 

4 

3 

1 

— 

1 

— 

SAUDI   ARABIA 

SOUTH  AFRICA 

— 

— 

:• 

SPAIN 

41 

32 

25 

35 

26 

31 

21 

11 

8 

8 

4 

2 

5 

2 

10 

4 

SWEDEN 

228 

211 

281 

221 

193 

221 

186 

181 

242 

226 

208 

159 

126 

104 

117 

J- 

SWITZERLAND 

313 

421 

341 

329 

284 

274 

251 

215 

286 

283 

279 

249 

192 

175 

219 

179 

THAILAND 

U.S.S.R. 

19 

6 

1 

3 

2 

5 

4 

— 

1 

8 

2 

4 

6 

-- 

— 

— 

UNITED   KINGDOM 

1358 

1548 

1458 

1361 

1320 

1329 

1228 

1311 

1347 

1344 

1181 

1031 

77* 

872 

94J 

•CI 

VENEZUELA 

4 

6 

2 

2 

2 

3 

6 

2 

1 

6 

4 

3 

2 

3 

— 

1 

YUGOSLAVIA 

1 

2 

1 

4 

— 

— 

2 

2 

5 

3 

— 

— 

1 

1 

— 

-- 
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TABLE  A-  3 
U.S.  PATENTING  BY  RESIDENTS 
OF  SELECTED  FOREIGN  COUNTRIES  (a'  b-  c) 
[Continued] 


Country 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

ARGENTINA 

22 

24 

24 

25 

33 

57 

54 

42 

23 

40 

45 

49 

31 

30 

16 

14 

AUSTRALIA 

12 

37 

68 

68 

69 

80 

55 

47 

38 

61 

47 

44 

48 

45 

59 

84 

AUSTRIA 

1 

1 

8 

21 

44 

57 

51 

53 

28 

58 

63 

83 

85 

58 

89 

130 

BELGIUM 

21 

16 

31 

47 

91 

90 

76 

73 

62 

72 

68 

84 

97 

76 

108 

107 

BOLIVIA 

1 

1 

— 

2 

3 

1 

— 

1 

BRAZIL 

1 

7 

10 

7 

11 

20 

11 

10 

13 

2 

18 

13 

16 

5 

8 

20 

BR.  WEST   INDIES 

1 

2 

2 

2 

— 

2 

1 

— 

6 

8 

3 

BULGARIA 

1 

CANADA 

216 

289 

403 

492 

556 

522 

453 

412 

391 

498 

478 

591 

668 

625 

639 

708 

CHILE 

3 

4 

6 

4 

2 

2 

3 

1 

6 

6 

4 

3 

3 

2 

5 

CHINA,   REP.  OF 

1 

1 

5 

1 

1 

3 

1 

2 

3 

1 

1 

3 

2 

COLOMBIA 

1 

— 

1 

3 

2 

4 

6 

4 

1 

1 

4 

3 

6 

3 

1 

3 

CONGO  BRAZZAVILLE 

CUBA 

14 

9 

10 

20 

23 

18 

12 

19 

9 

19 

8 

17 

28 

10 

9 

13 

CZECHOSLOVAKIA 

— 

5 

31 

47 

96 

67 

22 

11 

5 

5 

17 

31 

38 

44 

62 

49 

DENMARK 

6 

21 

17 

60 

74 

85 

32 

40 

37 

50 

48 

55 

56 

59 

70 

68 

FRANCE 

107 

198 

374 

685 

672 

746 

543 

503 

397 

677 

685 

766 

889 

835 

896 

1051 

GERMANY 

52 

26 

13 

25 

78 

256 

473 

747 

818 

1608 

1490 

1893 

2313 

2186 

2341 

2875 

GREECE 

— 

1 

1 

5 

1 

4 

1 

2 

2 

1 

7 

4 

6 

3 

HONDURAS 

— 

1 

— 

2 

— 

1 

1 

— ' 

1 

HONG  KONG 

1 

1 

3 

5 

4 

2 

4 

HUNGARY 

— 

2 

2 

3 

11 

6 

1 

1 

3 

5 

6 

10 

13 

17 

20 

17 

ICELAND 

1 

1 

1 

2 

1 

1 

1 

— 

INDIA 

— 

2 

3 

3 

3 

5 

3 

6 

4 

7 

2 

3 

4 

2 

1 

7 

IRAN     (e) 

— 

1 

1 

— 

— 

1 

— 

— 

1 

1 

1 

— 

IRELAND 

6 

1 

ISRAEL      If) 

1 

3 

10 

9 

12 

10 

9 

10 

5 

15 

9 

12 

21 

8 

12 

17 

ITALY 

8 

4 

13 

38 

83 

106 

109 

109 

112 

201 

200 

223 

247 

253 

263 

393 

JAPAN 

2 

— 

— 

2 

3 

8 

17 

21 

50 

78 

129 

143 

168 

232 

272 

428 

KOREA 

1 

— 

1 

1 

— 

— 

2 

LIECHTENSTEIN 

3 

3 

2 

2 

7 

9 

7 

3 

6 

11 

10 

4 

13 

MEXICO 

17 

6 

13 

14 

25 

24 

25 

22 

29 

21 

27 

35 

39 

33 

45 

94 

NETHERLANDS 

37 

94 

268 

357 

356 

435 

222 

219 

210 

423 

376 

422 

439 

375 

406 

486 

NEW  ZEALAND 

2 

2 

7 

10 

17 

19 

19 

10 

9 

12 

12 

8 

12 

13 

7 

10 

NORWAY 

1 

7 

26 

42 

53 

64 

31 

39 

31 

41 

49 

45 

45 

38 

47 

39 

PERU 

6 

2 

2 

2 

4 

3 

3 

3 

3 

1 

1 

6 

2 

5 

1 

2 

PHILIPPINES,   REP. 

— 

3 

2 

5 

— 

6 

5 

2 

2 

2 

3 

3 

2 

1 

4 

1 

POLAND 

1 

2 

— 

— 

3 

6 

2 

1 

— 

— 

1 

— 

— 

1 

2 

— 

PORTUGAL 

2 

2 

3 

1 

2 

3 

— 

2 

— 

1 

1 

4 

1 

1 

2 

3 

ROMANIA 

1 

SAUDI   ARABIA 

1 

1 

SOUTH  AFRICA 

17 

13 

13 

25 

27 

21 

15 

18 

11 

24 

18 

15 

21 

20 

31 

33 

SPAIN 

8 

4 

8 

18 

26 

26 

20 

24 

13 

26 

23 

25 

21 

10 

27 

18 

SWEDEN 

97 

94 

180 

294 

323 

402 

256 

285 

246 

339 

345 

343 

441 

352 

362 

417 

SWITZERLAND 

151 

197 

307 

429 

427 

520 

362 

359 

340 

553 

557 

651 

593 

547 

630 

785 

THAILAND 

1 

1 

1 



U.S.S.R. 

1 

3 

2 

3 

UNITED   KINGDOM 

800 

896 

1225 

1587 

1692 

1870 

1382 

1283 

1120 

1714 

1474 

1734 

1913 

1867 

1872 

2280 

VENEZUELA 

1 

— 

5 

7 

13 

4 

8 

7 

6 

6 

8 

9 

8 

12 

10 

10 

YUGOSLAVIA 

1 

— 

— 

1 

— 

2 

— 

3 

3 

3 
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TABLE   A-3 
U.S.  PATENTING  BY  RESIDENTS 
OF  SELECTED  FOREIGN  COUNTRIES  <a-  b-  c> 
[Continued] 


2; : 


Country 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

» ■ 

ARGENTINA 

20 

27 

20 

21 

16 

19 

17 

24 

26 

30 

30 

24 

29 

24 

AUSTRALIA 

77 

81 

119 

117 

156 

121 

157 

152 

206 

191 

214 

252 

255 

272 

AUSTRIA 

91 

92 

147 

129 

153 

167 

196 

194 

251 

273 

237 

301 

314 

307 

BELGIUM 

89 

131 

191 

189 

176 

171 

225 

234 

309 

321 

287 

360 

289 

352 

BOLIVIA 

1 

2 

2 

8 

7 

6 

5 

5 

8 

6 

BRAZIL 

17 

10 

11 

18 

15 

15 

19 

19 

15 

16 

19 

22 

20 

22 

BR.  WEST  INDIES 

5 

8 

3 

1 

5 

6 

9 

1 

12 

4 

10 

— 

14 

9 

BULGARIA 

— 

1 

1 

— 

5 

1 

7 

9 

11 

10 

16 

13 

24 

19 

CANADA 

638 

690 

891 

969 

1021 

957 

1071 

1151 

1413 

1323 

1447 

1415 

1409 

1303 

CHILE 

1 

1 

4 

1 

3 

2 

9 

2 

8 

4 

5 

3 

10 

1 

CHINA,   REP.  OF 

4 

3 

4 

2 

9 

5 

5 

7 

16 

8 

11 

COLOMBIA 

2 

3 

6 

8 

5 

2 

5 

6 

7 

8 

7 

5 

6 

6 

CONGO  BRAZZAVILLE 

— 

3 

3 

5 

— 

22 

CUBA 

9 

1 

1 

1 

2 

1 

— 

1 

2 

— 

CZECHOSLOVAKIA 

45 

34 

52 

38 

96 

96 

132 

122 

154 

110 

95 

112 

121 

111 

DENMARK 

76 

65 

93 

107 

135 

86 

152 

143 

179 

180 

164 

193 

166 

194 

FRANCE 

868 

1041 

1387 

1469 

1584 

1471 

1839 

1771 

2251 

2269 

2189 

2626 

2436 

2519 

GERMANY 

2356 

2444 

3360 

4014 

3804 

3489 

4556 

4496 

5586 

5797 

5661 

6243 

6171 

6320 

GREECE 

8 

1 

5 

5 

13 

3 

11 

8 

6 

16 

14 

17 

11 

14 

HONDURAS 

1 

— 

1 

5 

3 

1 

1 

2 

— 

— 

1 

HONG   KONG 

8 

8 

8 

9 

16 

11 

14 

17 

34 

16 

22 

20 

20 

48 

HUNGARY 

13 

20 

20 

31 

23 

21 

22 

37 

38 

48 

46 

62 

51 

77 

ICELAND 

— 

2 

3 

2 

1 

4 

1 

7 

10 

9 

2 

3 

8 

1 

INDIA 

4 

7 

8 

5 

10 

15 

18 

16 

10 

19 

21 

17 

13 

18 

IRAN 

1 

1 

1 

2 

3 

1 

1 

4 

4 

3 

5 

4 

5 

2 

IRELAND 

11 

7 

9 

10 

10 

16 

13 

33 

21 

31 

20 

29 

29 

ISRAEL 

20 

26 

34 

47 

53 

38 

63 

46 

54 

55 

86 

89 

106 

107 

ITALY 

352 

312 

430 

443 

494 

518 

574 

596 

751 

865 

791 

870 

784 

788 

JAPAN 

452 

564 

945 

1142 

1505 

1536 

2225 

2720 

4154 

5301 

5157 

6116 

6574 

6780 

KOREA 

— 

3 

2 

2 

— 

2 

— 

3 

3 

7 

5 

8 

12 

7 

LIECHTENSTEIN 

5 

10 

15 

12 

13 

16 

14 

23 

28 

10 

14 

15 

8 

17 

MEXICO 

93 

72 

87 

99 

48 

42 

70 

44 

65 

43 

42 

58 

76 

88 

NETHERLANDS 

332 

357 

528 

488 

515 

495 

572 

553 

715 

690 

707 

754 

629 

771 

NEW  ZEALAND 

13 

13 

19 

11 

15 

13 

17 

16 

18 

26 

25 

21 

27 

36 

NORWAY 

34 

45 

53 

60 

50 

49 

70 

71 

79 

94 

97 

100 

104 

114 

PERU 

1 

5 

5 

3 

7 

5 

5 

6 

5 

5 

3 

1 

7 

8 

PHILIPPINES,   REP. 

8 

7 

2 

4 

2 

4 

4 

4 

7 

12 

14 

6 

9 

9 

POLAND 

3 

1 

9 

10 

12 

25 

31 

33 

31 

21 

25 

27 

38 

26 

PORTUGAL 

4 

2 

2 

5 

1 

7 

9 

4 

7 

7 

2 

6 

7 

2 

ROMANIA 

2 

2 

2 

4 

6 

21 

21 

37 

35 

33 

25 

35 

16 

15 

SAUDI   ARABIA 

1 

1 

1 

3 

1 

2 

1 

2 

3 

SOUTH  AFRICA 

31 

36 

71 

49 

53 

41 

68 

49 

70 

55 

82 

90 

73 

83 

SPAIN 

26 

24 

54 

51 

49 

51 

60 

61 

82 

65 

89 

97 

96 

109 

SWEDEN 

397 

371 

572 

542 

583 

577 

682 

650 

849 

783 

793 

984 

995 

1111 

SWITZERLAND 

684 

679 

886 

999 

956 

836 

1078 

1124 

1291 

1326 

13S1 

1484 

1473 

THAILAND 

2 

3 

1 

1 

2 

1 

U.S.S.R. 

15 

12 

28 

66 

115 

97 

159 

218 

327 

355 

383 

493 

407 

*.N 

UNITED   KINGDOM 

1856 

1885 

2624 

2721 

2865 

2554 

3258 

3063 

3533 

,::.N 

2931 

3273 

.:'^< 

X>9S 

VENEZUELA 

12 

12 

11 

7 

5 

13 

6 

3 

13 

7 

6 

8 

6 

2 

YUGOSLAVIA 

2 

4 

3 

5 

4 

4 

3 

6 

9 

6 

6 

13 

6 

9 
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TABLE  A-  4 


TRADEMARKS  REGISTERED  AND  RENEWED:   1870  to  1976 


REGISTERED 


RENEWED 


YEAR 


REGISTERED 


REGISTERED 


REGISTERED 


1976 
1975 
1974 
1973 
1972 
1971 
1970 
1969 
1968 
1967 
1966 
1965 
1964 
1963 
1962 
1961 
1960 
1959 
1958 
1957 
1956 
1955 
1954 
1953 
1952 
1951 
1950 


29,208 
30,931 
28,099 
26,112 
23,252 
21,019 
21,745 
20,613 
21,528 
20,036 
20,259 
18,501 
20,087 
19,740 
17,023 
16,595 
18,434 
18,709 
15,351 
17,480 
20,753 
18,207 
15,946 
15,610 
16,172 
17,376 
16,817 


6,754 
6,132 
5,513 
5,397 
5,637 
6,213 
6,076 
6,176 
4,646 
3,801 
3,585 
3,165 
2,702 
2,655 
2,809 
3,358 
3,933 
3,272 
3,070 
3,488 
3,756 
4,268 
3,491 
3,103 
3,419 
3,350 
3,564 


1949. 
1948. 
1947. 
1946. 
1945. 
1944. 
1943. 
1942. 
1941. 
1940. 
1939. 
1938. 
1937. 
1936. 
1935. 
1934. 
1933. 
1932. 
1931. 
1930. 
1929. 
1928. 
1927. 
1926. 
1925. 
1924. 
1923. 


15,968 

3,788 

11,472 

5,056 

8,976 

6,139 

8,106 

5,725 

7,490 

4,210 

6,025 

4,052 

5,595 

3,835 

6,795 

2,894 

8,530 

2,765 

9,974 

2,547 

10,521 

1,398 

10,204 

1,051 

11,242 

1,524 

10,722 

1,888 

10,886 

1,874 

11,362 

2,445 

9,130 

1,671 

9,603 

1,587 

11,400 

1,643 

13,246 

1,661 

14,514 

1,750 

14,133 

2,049 

14,579 

3,063 

14,955 

4,273 

13,815 

2,278 

15,727 

227 

14,834 

251 

1922 
1921 
1920 
1919 
1918 
1917 
1916 
1915 
1914 
1913 
1912 
1911 
1910 
1909 
1908 
1907 
1906 
1905 
1904 
1903 
1902 
1901 
1900 
1899 
1898 
1897 
1896 


12,793 
11,636 
10,268 
4,208 
4,061 
5,339 
6,791 
6,262 
6,817 
5,065 
5,020 
4,205 
4,239 
4,184 
5,191 
7,878 
10,568 
4,490 
2,158 
2,186 
2,006 
1,928 
1,721 
1,649 
1,238 
1,671 
1,813 


254 
117 
73 
64 
38 
52 
55 
57 
48 


1895 
1894 
1893 
1892 
1891 
1890 
1889 
1888 
1887 
1886 
1885 
1884 
1883 
1882 
1881 
1880 
1879 
1878 
1877 
1876 
1875 
1874 
1873 
1872 
1871 
1870 


1,829 

1,806 

1,677 

1,737 

1,762 

1,415 

1,229 

1,059 

1,133 

1,029 

1,067 

1,021 

902 

947 

834 

349 

872 

1,455 

1,216 

959 

1,138 

559 

492 

491 

486 

121 


FOOTNOTES 

TABLE  A-2 

a  -  INCLUDES  PATENTS  AND  DESIGNS  1883  TO  I960;  INCLUDES  PLANTS  1930-1960, 
b  -  ALASKA  ADMITTED  TO  THE  UNION  1959, 
C  -  ARIZONA  AND  NEW  MEXICO  ADMITTED  TO  THE  UNION  1912, 
d  -  HAWAII  ADMITTED  TO  THE  UNION  IN  1960. 
e  -  IDAHO  AND  WYOMING  ADMITTED  TO  THE  UNION  1890. 

f  -  MONTANA,  WASHINGTON,  NORTH  DAKOTA,  SOUTH  DAKOTA  ADMITTED  TO  THE  UNION  IN  1889. 
g  -  PATENTS  TO  DAKOTA  TERRITORY  ARE  SHOWN  UNDER  NORTH  DAKOTA. 
h  -  OKLAHOMA  ADMITTED  TO  THE  UNION  IN  1907. 
k  -  UTAH  ADMITTED  TO  THE  UNION  IN  1896. 
TABLE  A-3 


a  -  INCLUDES  PATENTS  DESIGNS  AND  PLANTS. 

b  -  DATA  COMPILED  ON  THE  BASIS  OF  CITIZENSHIP  RATHER  THAN  RESIDENCE  -  FROM  1883  TO  1915. 

C  -  COUNTRIES  LISTED  ARE  THOSE  WITH  HIGHEST  TOTAL  U.S.  PATENTING  DURING  THE  PERIOD  1883-1975. 

d  -  AUSTRIA  AND  HUNGARY  WERE  PART  OF  THE  AUSTRO  HUNGARIAN  EMPIRE  FROM  1883  TO  1919. 

e  -  PRIOR  TO  1948  IRAN  WAS  PART  OF  PERSIA. 

f  -  ISRAEL  AND  PALESTINE  ARE  SHOWN  AS  A  TOTAL  SINGLE  FIGURE  UP  TO  1951. 

g  -  PRIOR  TO  1922  THE  U.S.S.R.  WAS  KNOWN  AS  THE  RUSSIAS. 
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The  data 
table : 


illustrated   in    Figure    2-1,    Section  II,    are  given  in   the   following 


Table  A- 

-5:      1 

975  Patenting  By  Country 

Of  Invention  Origin 

-  Selected  Countries  - 

Country 

Patenting 

International 

National 

Total 

Belgium 

615 

838 

1453 

Canada 

539 

1913 

2452 

France 

5003 

8383 

13386 

German  Dem. 

Rep. 

818 

3847 

4665 

Germany,    Fed. 

Rep. 

14238 

23495 

37733 

Netherlands 

1533 

1062 

2595 

South  Africa 

286 

856 

1142 

Switzerland 

2762 

1607 

4369 

United  Kingdom 

5792 

6530 

12322 

United  States 

18691 

37818 

56509 

U.  S.  S.  R. 

224 

36506 

36730 

The  data  illustrated  on  the  world  map  in  Section  II  are  given  in  the  following 
table.  Countries  shaded  on  the  map  are  listed,  followed  by  the  number 
of  inventions  (involved  in  international  patenting  and  first  shown  in  the 
1975  patent  literature)  for  which  that  country  was  identified  as  the  country 
of  invention  origin. 

Table  A- 6:    Distribution  Of  1975  Multi- National  Patenting  By  Country 
Of  Invention  Origin 


Argentina  -  38 
Australia  -  368 
Austria  -  1016 
Belgium  -  615 
Brazil  -  31 
Bulgaria  -  29 
Burma  -  1 
Canada  -  539 
Chile  -  2 
Cuba  -  1 

Czechoslovakia  -  391 
Denmark  -  208 
Finland  -  210 
France  -  5003 
German  Dem.    Rep.    - 
Germany,    Fed.    Rep. 
Greece  -  18 
Hungary  -  226 


India  -  4 

Iran  -  2 

Ireland  -  31 

Israel  -  79 

Italy  -  1690 

Japan  -  7736 

Korea,    Peo.    Rep.    -  1 

Korea,    Rep.    of  -  1 2 

Lebanon  -  3 

Lesotho  -   1 

Luxemburg  -  153 

Malagasy  Rep.    -  1 

Mexico  -  36 

Monaco  -  2 
818  Morocco  -  6 

-  14238   Netherlands   -  1533 

New  Zealand  -  47 

Norway  -   183 


Phillipines   -  9 
Poland  -  108 
Portugal  -  28 
Romania  -  24 
Saudi  Arabia  -  1 
South  Africa  -  28o 
Southern  Rhodesia  -  17 
Spain  -   269 
Sri  Lanka   -  2 
Sweden  -   1  71  7 
Switzerland  -   27 e2 
Turkey  -  2 

United  Kingdom  -  5792 
United  States   -   L8691 
Uruguay  -   1 
U.  S.  S.  R.    -  2  24 
Venezuela   -   1 
Yugoslavia  -  39 


204 


APPENDIX  B 

OBTAINING  PREVIOUS  OTAF  PUBLICATIONS 

Copies  of  the    six  previous    OTAF  publications   listed  below  are   available 
from: 


National  Technical  Information  Service 
5285  Port  Royal  Rd. 
Springfield,    Virginia    22161 
(703)  557-4690 

When  ordering  from  this    source,    please   give   the  publication  title  and  its 
"COM"  or  "PB"  number. 

1.  Initial  Publication,    May  1973 

COM  73-10767;  Cost:    Domestic  -  $5.50         Foreign  -  $11.00 

Describes  OTAF  program  and  gives  sample  reports  on  24  wide  ranging 
areas  of  technology  in  varying  levels  of  detail. 

2.  Early  Warning  Report,   December  1973 

COM  74-10150;  Cost;    Domestic  -  $9.25         Foreign  -  $18.50 

Spotlights  those  technological  areas  experiencing  a  high  level  of  overall 
activity  or  of  foreign  activity.  Reviews  patent  activity  in  a  number  of 
energy  areas,  including  nuclear;  solar;  geothermal;  and  tide,  wind  and 
wave  energy. 

3.  Third  Report,    June  1974 

COM  74-11383;  Cost:    Domestic  -  $7.50         Foreign  -  $15.00 

Presents  an  overview  of  the  technological  activity,  across  all  technol- 
ogies, of  a  group  of  selected  foreign  countries  and  a  group  of  selected 
U.S.  states.  Extends  energy  area  treatments  to  include  oil  shale  and 
coal  gasification  technologies.  Reviews  additional  high  overall  activity 
technological  areas. 

4.  Fourth  Report:    A  Review  of  Patent  Ownership,    January  1975 
COM  75-10050;  Cost:  Domestic  -  $6.  00         Foreign  -  $12.  00 

Identifies  the  73  corporations  and  government  agencies  which  received 
500  or  more  patents  during  the  five  year  period  1969-1973,  and  reviews 
and  compares  their  patent  activity  across  the  spectrum  of  technology. 
Also  reviews  in  terms  of  patent  ownership,  the  patent  activity  during 
the  same  period,  in  nuclear  energy  technology  and  oil  shale  and  coal 
gasification  technology. 
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5.  Fifth  Report,   August  1975 

COM  75-11142,    Cost:    Domestic  -  $6.  75         Foreign  -  $1  3.  50 

Reviews  60  technological  areas,  not  previously  reported  on,  experienc- 
ing a  high  level  of  overall  activity  or  of  foreign  activity.  Presents 
patent  activity  data  in  categories  corresponding  to  3  6  Product  Fields  of 
the  Standard  Industrial  Classification  System. 

6.  Sixth  Report,    June  1976 

PB  254188,    Cost:    Domestic  -  $7.50         Foreign  -  $13.50 

Reviews  15  technologies  with  unusually  high  activity  by  foreign  resident 
inventors,  and  22  high  overall  activity  technologies;  updates  the  1973 
reports  on  patent  activity  in  solar  and  other  natural  energy  sources, 
and  adds  reports  on  the  use  of  waste  material  and  wind  for  energy 
generation.  Presents  comparisions  of  patenting  to  R&cD  expenditures 
and  R&D  manpower  allocations  in  six  selected  industries.  The  report 
concludes  with  a  review  of  six  most  often  cited  patents  in  1975,  5 
U.  S.    and   1  foreign  patent. 

Microfilm  of  Previous  Reports 

Domestic  -  $3.  00  per  report;         Foreign  -  $4.  50  per  report 
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APPENDIX  C 
OBTAINING  ADDITIONAL  INFORMATION  OR  SPECIAL  REPORTS 

Background 

OTAF's  computerized  base  of  data  relating  to  the  patent  file  includes,  at 
present: 

-  all  subclasses  of  the  U.S.    Patent  Classification  System 

-  the  relationship  of  all  subclasses  of  the  U.S.  Patent  Classification 
System  to  the  Standard  Industrial  Classification  System  in  55  Prod- 
uct Fields  and  Product  Field  combinations 

-  for  all  U.S.  patents,  their  recorded  locations  within  the  U.S.  Patent 
Classification  System 

-  for  U.  S.   patents  issued  since  1963, 

.  the  ownership  at  time  of  issue  in  seven  categories  (U.  S.  gov- 
ernment, foreign  government,  U.S.  corporation,  foreign  cor- 
poration,   U.S.   individual,  foreign  individual,   and  unas signed) 

.    the  country  or  state  of  residence  of  the  inventor 

-  for  U.S.  patents  issued  since  1967,  the  date  the  application  for  patent 
was  filed  in  the  U.  S.    Patent  and  Trademark  Office. 

-  for  U.S.  patents  issued  since  1969,  the  specific  (i.e.  named)  owner- 
ship of  all  patents  which,  at  time  of  issue,  were  organizationally 
owned  (e.g.,    by  a  corporation,    foundation,    government  agency). 

Special  Reports 

Data  can  be  retrieved  on  the  basis  of  any  one  or  any  combination  of  the 
factors  listed  above,  manipulated  on  most  any  given  basis  and  presented 
in  a  number  of  formats,  e.g.,  lists,  tables,  graphs,  charts,  etc.  This 
flexibility  is  illustrated  by  the  various  types  of  reports  presented  in  this 
and  the  six  preceeding  OTAF  publications. 

OTAF  has  developed  a  standard  special  report  program  which  is  designed 
to  extract  and  present,  for  any  given  grouping  of  patents,  a  wide  variety 
of  data.  Excerpts  from  a  sample  of  this  report  --  called  a  "country/ 
company  table  report"  --  are  included  in  this  Appendix. 
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How  to  Obtain  Special  Reports 

1.  In  making  an  initial  determination  of  interest  in  a  special  OTAF  re- 
port, you  are  urged  to  review  the  data  items  that  are  available  and 
decide  if  any  one  or  combination  of  them,  or  any  relationship  between 
two  or  more  of  them,  might  be  useful  to  your  needs.  Special  attention 
should  be  given  to  the  "country/company  table  report",  to  determine  if 
this  multi-purpose,  relatively  low  cost,  standard  report  would  meet 
your  needs. 

2.  In  most  instances,  interest,  once  determined,  will  be  limited  to  par- 
ticular technological  areas.  The  definition  of  these  areas  is  of  key 
importance  and  must  ultimately  be  in  terms  of  classes  and  subclasses 
of  the  U.S.  Patent  Classification  System  (or  one  of  the  55  SIC  Pro- 
duct Fields  or  Field  combinations).  If  you  are  unfamiliar  with  the 
U.S.  Patent  Classification  System,  develop  as  clear  and  precise  an 
explanation  of  your  area(s)  of  interest  as  possible. 

3.  At  this  point,  you  should  contact  OTAF,  indicate  the  type  of  informa- 
tion you  desire  and,  if  you  wish,  what  your  needs  are.  (Perhaps  alter- 
natives can  be  suggested  to  better  meet  those  needs).  If  you  cannot 
provide  class  and  subclass  definition  of  your  area  of  interest,  OTAF 
will  attempt  to   do   that  for   you,    using   your   description   of   the  area. 

4.  Once  there  is  a  clear  mutual  under  standing  of  the  information  you  want, 
the  format    in   which    you  want  it   and   the    area(s)   to   be    included,    an 
estimate   of   cost   will  be   developed  and   provided  to   you  along  with   a 
statement  of  the  work  to  be  done. 

5.  Once  agreement  on  work  to  be  done  and  cost  is  reached,  and  payment 
is  received,    the  report  will  be  prepared  and  provided. 


Costs 

All  special  reports  are  prepared  on  a  cost  reimbursable  basis.  These 
costs  may  vary  widely  -  from  as  low  as  $25.  00  for  a  single  country/ 
company  table  report  in  groups  of  10  or  more,  to  several  thousand  dollars 
for  complex  and  large  scale  treatments  of  many  technological  categories, 
requiring  extensive  professional  time,  or  programming  and/or  computer 
time. 
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Whom  to  Contact 

Inquiries  concerning  OTAF  publications  /services  are  invitedand  should  be 
directed  to: 

Office  of  Technology  Assessment 

and  Forecast 
U.  S.    Patent  and  Trademark  Office 
Washington,    D.  C.     20231 
Phone:  (703)  557-3050 


"Country/ Company  Table"  Report 

On  the  following  five  pages  are  excerpts  from  a  standard  format,  OTAF 
special  report.  The  total  report  --on  Natural  Color  TV  --is  some 
15  pages  in  length.  The  first  page  of  the  excerpt,  titled  "Explanation 
of  Data",  gives  an  overview  of  what  is  included  in  one  of  these  reports. 
Readers  should  note  that  the  OTAF  database  is,  at  present,  updated  semi- 
annually. "Country /company  table"  reports  reflect  patenting  on  a  cal- 
endar annual  basis  with  the  most  recent  year  being  either  actual  or  es- 
timated based  on  OTAF' s  current  update. 
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